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FOREWORD

This 2003 Chronology is published to describe and document KSC’s role in NASA’s
progress.

Materials for this Chronology were selected from a number of published sources. The
document records KSC events of interest to historians and other researchers.
Arrangement is by date of occurrence, though the source cited may be dated one or more
days after the event.

Materials were researched and prepared for publication by Archivist Elaine E. Liston.
Comment on the Chronology should be directed to the John F. Kennedy Space Center,

Archives, LIBRARY-E, Kennedy Space Center, Florida, 32899. The Archivist may also
be reached by e-mail at Elaine.Liston-1@ksc.nasa.gov, or (321) 867-1515.
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Space Shuttle Columbia leaps off Launch Pad 39A and races toward space on missions STS-107.
Following a flawless and uneventful countdown, liftoff occurred on-time at 10:39 a.m. EST. The 16-day
research mission will include FREESTAR (Fast Reaction Experiments Enabling Science, Technology,
Applications and Research) and the SHI Research Double Module (SHI/RDM), known as SPACEHAB.
Experiments on the module range from material sciences to life sciences.. Landing of Columbia is
scheduled at about 8:53 a.m. EST on Saturday, Feb. 1. This mission is the first Shuttle mission of 2003.

Mission STS-107 is the 28th flight of the orbiter Columbia and the 113th flight overall in NASA's Space
Shuttle program.



JANUARY

January 1: In 2003, astronauts will lengthen the wingspan of the International Space Station almost
threefold. This year will see as many as six shuttle flights from Kennedy Space Center. The first one is set
to begin in about two weeks as Columbia embarks upon a science mission. The rest of the shuttle flights
this year will soar to the International Space Station. By early 2004, the station will have most of its
domestic parts. The year’s first shuttle flight will send the first Israeli, llan Ramon, into space. The seven
people on board will work two shifts a day for 16 days to complete a science research mission. Columbia
initially was slated to fly in 2002, but cracks in the shuttle fleet’s fuel liners forced NASA to juggle its
shuttle launch lineup late in the year. Station missions took priority over the science flight. [“NASA faces
challenging year for space station construction,” Florida Today, p 1A & 2A.]

January 2: NASA was smart to move its space shuttle overhaul operation from California to the Kennedy
Space Center, but could have done of better job of explaining the decision, the General Accounting Office
said in a letter released Thursday. The National Aeronautics and Space Administration announced early
last year that it was moving the operation, which performs the major repairs and upgrades to the shuttle
fleet, from Palmdale, Calif., to Florida. Until last year, the work called Orbiter Major Modification almost
was exclusively done at a Boeing-owned Palmdale facility where all five orbiters were built. Every three
years, each orbiter is thoroughly inspected and upgraded. [“NASA was right to transfer repairs to Florida,
GAO says,” Orlando Sentinel, January 3, 2002, p A10. “GAO: Reason for shuttle transfer vague,”
Florida Today, January 3, 2002, p 1A.]

€ The launch of the ICESat (Ice Cloud and land Elevation Satellite) and CHIPSat (Cosmic Hot
Interstellar Plasma Spectrometer) polar-orbiting satellites for NASA aboard a Boeing Delta II rocket has
been retargeted to occur on Friday, January 10. This launch date is predicated on the availability of the
downrange instrumentation aircraft. Should the aircraft not be available that day due to other tracking
support requirements, then launch will be rescheduled for January 11. Liftoff of the Delta II will be from
NASA'’s Space Launch Complex 2 (SLC-2) at Vandenberg Air Force Base, Calif. The 45-minute launch
window on Jan. 10-11 extends from 4:45 p.m. — 5:30 p.m. PST. [“ICESAT/CHIPSAT Ready For Launch
Aboard Delta I Rocket on Jan. 10,” NASA News Release #001-03, January 2, 2003.]

January 3: NASA should have more information next week on whether a crack found in a part in shuttle
Discovery has the potential to delay Columbia’s Jan. 16 launch. The crack was in a plum-size metal ball
that is part of a support inside the liquid oxygen line. The problem didn’t appear widespread as inspections
of other orbiters commenced. NASA, however, is more concerned with proving that even a damaged ball
won’t pose a danger. Then an inspection of Columbia, which is on the launch pad, won’t be necessary.
Continuing tests on spare parts should produce results by next week, Kelly Beck, lead flight director for the
Columbia mission, said Friday. [“Crack might delay launch,” Florida Toeday, January 4, 2003, p 1B.]

January 4: NASA is moving up the launch of two satellites that will measure ice sheets and hot plasma.
The first launch attempt, from Vandenberg Air Force Base in California, will be Friday instead of Saturday
because of the availability of downrange instrumentation aircraft need to support the launch. If the aircraft
are needed for other duty on Friday, NASA will try again the next day. Either day, the Delta 2 rocket
carrying the pair of science satellites is expected to lift off between 7:45 and 8:30 p.m. EST. [“NASA
resets 2 launches,” Florida Today, January 5, 2003, p 3B.]

@ United Space Alliance hired 176 new employees at Kennedy Space Center after NASA consolidated
shuttle modification work near the Florida launch site, ending a long-standing practice of doing major
modifications in Palmdale, Calif. At least twice as many workers were doing the same work at the facility
in Palmdale. Florida politicians and economic development officials have hailed the move, saying NASA’s
bid to streamline shuttle operations is not only smart for the agency but beneficial for workers here. When
administrator Sean O’Keefe announced the decision, NASA estimated the move would mean 230 new jobs.
Instead, an audit released this week by the U.S. General Accounting Office said the agency’s prime
contractor, United Space Alliance, has so far been able to meet the need with 176 new hires. [“Space
Alliance uses fewer shuttle workers,” Florida Today, January 5, 2003, p 3B.]



January 5: A man stole a small plane at gunpoint Sunday and threatened to crash it into the European
Central Bank in Frankfurt, prompting evacuations and sowing fear in the German financial capital. He
landed safely after about two hours and was arrested, police said. The man told a television station during
the drama that he meant to call attention to Judith Resnik, a U.S. astronaut killed in the 1986 post-launch
explosion of the space shuttle Challenger. Web posted. (2003). [Plane Hijacked in Germany in Effort to
Draw Attention to Challenger Astronaut Judith Resnik [Online]. Available WWW:
http://www.space.com/ [2003, January 5].]

January 7: The launch of the ICESat and CHIPSat polar-orbiting satellites for NASA aboard a Boeing
Delta II rocket from Vandenberg AFB was postponed from its Dec. 19 launch date. A review of test data
uncovered a problem within an ordnance box. The difficulty was associated with the signal the unit
provides for launch vehicle devices to unlatch and separate the payload fairing. The removal and
replacement of this unit, and the associated retest, was expected to take about two weeks. The new launch
date has been targeted for Friday, Jan. 10. The 45 minute launch window extends from 7:45 to 8:30 p.m.
EST. ["Polar satellites now due to launch Jan. 10 from Vandenberg AFB,"” KSC Countdown, January 7,
2003.]

€ Kicking off the new year, the international crew for mission STS-114 spent last weekend at KSC
taking part in Crew Equipment Interface Test activities. The crew comprises Commander Eileen Collins,
Pilot James Kelly, and Mission Specialists Soichi Noguchi and Stephen Robinson. Noguchi represents
NASDA, the Japanese space agency. The mission is a Utilization and Logistics Flight (ULF-1), carrying
the MPLM Raffaello, with supplies and equipment and the External Stowage Platform (ESP-2) to the
station. . ["Crew preps for March 1 launch on STS-114,"” KSC Countdown, January 7, 2003.]

@ The first Israeli astronaut makes this month’s shuttle mission a high-profile target, NASA’s security
chief says, but security hasn’t increased tremendously for the Jan. 16 launch. The latest delay for
Columbia, which was supposed to launch in July, gave NASA more time to prepare for possible terrorist
threats, but all launches have been under tighter security since the attacks of Sept. 11, 2001. “The
additional time has helped us, but it hasn’t been critical,” David Saleeba, a former Secret Service agent,
said Thursday. Some security measures have been under review for possible easing in the near future, he
said, and more members of the public may be allowed into future launches, too. [“NASA fine-tunes launch
safety,” Florida Today, January §, 2003, p 1B.]

January 8: From Oct. 1, 2001, to Sept. 30, the Federal Aviation Administration reported 13 planes flying
within 30 miles of the shuttle pads near launch time. But since Oct. 1, there have been 17 violations. All
of the intrusions into this temporary flight restriction have been mistakes, people just out for a flight who
didn’t check the FAA’s Notices to Airmen — regular bulletins that tell pilots of the current restrictions.
During the last shuttle mission, one pilot caught in the restricted zone refused to land until he got into
Volusia County. Fighter jets forced an errant helicopter from Miami down into a field on Merritt Island
during the first shuttle launch after Sept. 11, 2001. The pilot hadn’t been flying in some time and wasn’t
aware of the restricted area. The FAA publicizes the restricted flight area and time 48 hours before launch.
In 1999, a single-engine airplane crashed during a storm on Cape Canaveral Air Force Station. The pilot
died in the accident. [“KSC launch rules keep pilots down,” Florida Today, January 9, 2003, p 1A &
10A.]

January 9: Shuttle Update: Discovery — An engineering evaluation continues following the discovery late
last year of a surface crack in a 2.25-inch diameter metal ball associated with a tie rod assembly inside a
17-inch liquid oxygen line. Further inspections of similar assemblies in Discovery’s 17-inch and 12-inch
lines have found no cracks. Inspections of Atlantis and Endeavour also have found no cracks. Atlantis
continues to be processed for its March launch to the International Space Station. Preparations continue to
install the Forward Reaction Control System. All three Space Shuttle Main Engines have been installed
and leak checks are complete. Endeavour — Deservicing and processing continues for the STS-115 mission
to the International Space Station scheduled in May 2003. Throughout the holidays, work continued with
waterproofing operations, structural inspections of the orbiter’s leading edge and the Forward Reaction
Control System. Removal of the FRCS was also completed. Checkout on the Orbiter Maneuvering System



Pod is in work as is MEC/PIC verification. Preparations for fuel cell single cell voltage test are also in
work. Columbia — Launch preparations are under way at Pad 39A for the Shuttle’s Jan. 16 launch on the
Spacehab microgravity research mission. [“No cracks found in orbiters’ fuel lines,” KSC Countdown,
January 9, 2003.]

@ The launch of NASA’s ICESat and CHIPSat spacecraft aboard a Boeing Delta II rocket is now
scheduled for Saturday, Jan. 11, at 7:45 p.m. EST from Vandenberg Air Force Base, Calif. The possible
launch attempt on Friday, Jan. 10 will not be made. [“ELV launch at Vandenberg AFB now set for
Saturday,” KSC Countdown, January 9, 2003.]

€ Shuttle managers aren’t satisfied with tests on parts like one that was cracked in Discovery, but the
shuttle program chief is optimistic Columbia will launch Jan. 16 as scheduled. Shuttle mission managers
held a formal launch readiness review on Thursday at Kennedy Space Center, but decided more testing was
needed before Columbia is cleared for launch, shuttle program manager Ron Dittemore said. “We don’t
have any real indications that look like this is going to be a show-stopper for us,” he said. Shuttle managers
will review data from tests Sunday to make sure they are ready to proceed with the countdown, which gets
under way overnight Sunday. The crew goes into quarantine tomorrow. Since Columbia is on the launch
pad, shuttle managers hope to avoid inspecting it, which could cause a launch delay. [“Shuttle manager
optimistic Columbia will make countdown,” Florida Today, January 10, 2003, p 1B.]

€ NASA’s John F. Kennedy Space Center has awarded a firm fixed price contract for the construction of
a second Operations Support Building (OSB II) to David Boland, Inc., Titusville, Fla. The OSB II will be
located in the Launch Complex 39 area near the Vehicle Assembly Building. Existing modular housing
and trailers will be demolished to make way for the new six-story, 189,000-square-foot building. The OSB
I will provide 784 permanent office spaces, 16 training rooms, computer rooms, multimedia conference
rooms, a 352-person Mission Conference Center with an observation deck, technical libraries, and an
Exchange store. The contract award amount is $23,969,000. The performance period is 835 calendar days,
or approximately 27 months, with a projected completion date of April 29, 2005. David Boland, Inc., is a
small business HUBZone firm. This is the largest award to a HUBZone firm by Kennedy Space Center.
[“David Boland, Inc. Awarded KSC Contruction Contract,” NASA News Release #3-03, January 9, 2003.]

January 11: The presence of an Israeli fighter pilot, who has flown combat missions against Arab
interests, aboard an American space shuttle raised obvious questions about security and terrorism even
before Sept. 11, 2001. But the heavy security blanket covering Brevard’s spaceport this month — from
snipers watching over the astronauts from helicopters to the combat air patrols by fighter jets to the
deployment of mobile missile launchers along the Cape’s beaches — is not about one shuttle launch.
Instead, NASA and the U.S. Air Force officials say they’re concerned about protecting all of NASA’s
shuttles and space assets. Between now and Feb. 2, not only is shuttle Columbia launching, but three
expendable rockets carrying critical military payloads are set to launch too. Neither the Air Force nor
NASA would comment on weapons or plans. [“KSC security tighter than ever,” Florida Today, J anuary
12,2003, p 1A.]

€ NASA officials postponed the launch of a rocket carrying two Earth-orbiting satellites Saturday due to
mechanical problems but said they would attempt to launch the Delta II rocket Sunday (January 12).
Engineers were unable to load helium into the rocket, which is needed to propel the craft into space, said
NASA spokesman Dave Steitz, from Vandenberg Air Force Base. The Delta II is scheduled to carry the Ice
Cloud and Land Elevation Satellite, or ICESat and the CHIPSat, Cosmic Hot Intersteller Plasma
Spectrometer satellite. [“Mechanical woes delay launch of two satellites,” Florida Today, January 12,
2003,p 7A]

January 12: NASA’s Ice, Cloud and Land Elevation satellite (ICESat) and Cosmic Hot Interstellar
Spectrometer (CHIPS) satellite lifted off from Vandenberg Air Force Base, Calif., at 4:45 p.m. PST aboard
Boeing’s Delta IT rocket. Separation of the ICESat spacecraft occurred 64 minutes after launch at 5:49 p.m.
PST. Initial contact with ICESAT was made 75 minutes after launch at 6 p.m. PST as the spacecraft passed
over the Svalbard Ground Station in Norway. The CHIPS spacecraft separated from the launch vehicle 83
minutes after launch at 6:08 p.m. PST. Initial contact with CHIPS was made 98 minutes after launch at



6:23 p.m. PST as the spacecraft passed over the University of California, Berkeley. [“NASA Successfully
Launches the ICESat/CHIPS Satellites,” NASA News Release, January 12, 2003.]

January 13: Space shuttle Columbia’s pure science mission initially was seen as a vehicle for an all-
female crew, but that idea was abandoned. Then it was proposed as a carrier for GoreSat, the Earth-
observing spacecraft dreamed up by former Vice President Al Gore, but that was put on ice by a
Republican Congress. After years of delays and numerous incarnations, Columbia’s 16-day research flight
— ararity in that it has nothing to do with the International Space Station — is nearing liftoff under
extraordinarily tight security. On board for Thursday’s launch will be Israel’s first astronaut, Ilan Ramon, a
colonel in his country’s air force and the son of a Holocaust survivor. Web posted. (2003). [Shuttle flight
almost had all-female crew [Online]. Available WWW: http://www.cnn.com/ [2003, January 13].]

€ Hundreds of law enforcement agents are converging on Brevard County as part of growing security
measures around the upcoming space shuttle mission involving an Israeli astronaut. The extraordinary
precautions include everything from stepped-up patrols around Cocoa Beach and Patrick Air Force Base to
dozens of SWAT team sharpshooters on rooftops. “It is for us, NASA, the dignitaries coming and the
potential for a high-visibility event,” said Brevard County Sheriff Phil Williams, explaining the need for
heightened security. There have been no specific threats made against the shuttle or Ilan Ramon, the first
Israeli astronaut to go into space. More than 200 dignitaries, including Israeli nationals, family members
and other VIPs, are expected to arrive in Brevard during the next few days. Several other agencies,
including the Florida Department of Law Enforcement, the FBI, NASA officials and Brevard County Fire-
Rescue were also involved with arrangements. [“Hundreds of lawmen pour in for launch,” Florida
Today, January 14, 2003, p 1A & 3A.]

@ The European Space Agency — Europe’s version of NASA — has sent more than 120 scientists,
engineers, contractors and technicians to Florida Institute of Technology to prepare, monitor and run 16
biology experiments scheduled to go up on Columbia. Usually, they would have packaged their
experiments at home, then come to Kennedy Space Center to monitor them in space. But increased post-
Sept. 11 security and increased costs of doing business at Kennedy have made the Europeans look
elsewhere for a base, said Enno Brinckmann, science-experiment coordinator for ESA’s microgravity and
space-station-utilization department. The school was founded 40 miles from Kennedy with the intention of
serving as a graduate school for NASA workers. Among the ESA experiments: research into how bone
cells add or absorb calcium in microgravity; how certain infectious bacteria multiply; and the influence of
microgravity on radiation damage to DNA in human cells. With a newly installed high-speed computer
link between Florida Tech and Kennedy, the scientists will monitor and even control experiments onboard
the shuttle, using Florida Tech’s computers. [“Space research lands new home,” Orlando Sentinel,
January 14, 2003, p B1 & B7.]

January 14: Columbia is safe to fly Thursday, shuttle program manager Ron Dittemore said Tuesday.
Spare parts like the cracked metal ball, which was in a support structure in a liquid fuel line, were subjected
to extreme forces and temperatures. Engineers wanted to be sure the balls would still function, even if they
were cracked, and that they wouldn’t pose a danger to the orbiter by shedding debris. “All the evidence, all
the data, all the analysis has come together,” he said. “...We are very comfortable, from the bottom to the
top, that we are safe to fly as is.” The seven-member crew, which includes the first Israeli astronaut, is
mostly relaxing, reviewing procedures and making test flights at the shuttle landing facility, Dittemore said.
[“Columbia safe to fly,” Florida Toeday, January 15, 2003, p 1A.]

€ NASA Deputy Administrator Fred Gregory announced the appointment of Dr. Michael A. Greenfield
as Associate Deputy Administrator for Technical Programs, effective immediately. Greenfield was
formerly Deputy Associate Administrator for Safety and Mission Assurance at NASA Headquarters. In his
new position, Greentfield will be the corporate and strategic advocate for NASA’s technical programs and
projects. [“NASA Names Associate Deputy Administrator For Technical Programs,” NASA News
Release #03-012, January 14, 2003.]

January 17: Managers today confirmed the launch of Space Shuttle Columbia for Thursday, January 16 at
10:39 a.m. EST. The launch window extends for 2 hours and 30 minutes. This announcement comes



following a final review of Shuttle processing activities and a satisfactory engineering analysis of the Ball
Strut Tie Rod Assembly (BSTRA). STS-107 is a scheduled 16-day mission with a planned KSC landing at
about 8:53 a.m. EST on Saturday, Feb. 1. This mission is the first Shuttle mission of 2003. Mission STS-
107 is the 28" flight of the orbiter Columbia and the 113" flight overall in NASA’s Space Shuttle program.
[“Shuttle Mission STS-107 Launch Time Announced For Launch On Jan. 16,” NASA News Release #09-
03, January 15, 2003.]

January 16: The launch of the space shuttle Columbia — one of the highest profile flights in years — will
be shrouded in security. While NASA officials admit to heightened sensitivity because of the presence of
Israeli astronaut Ilan Ramon, they insist that the precautions are no greater than those taken in wake of the
Sept. 11 terrorist attacks. Ramon’s involvement in the 16-day research mission does present a unique
threat to the shuttle, said David Saleeba, NASA’s assistant administrator for security management, because
of the volatile situation in the Middle East. In addition to Ramon, an Israeli delegation of about 300 is
expected at KSC for the launch. The group will include the Israeli ambassador to the United States, Daniel
Ayalon; the head of the country’s Ministry of Science, Culture and Sport; and the director of Israel’s space
agency. Several former high-ranking members of the Israeli air force also are expected. NASA is relying
on an assortment of agencies, both civilian and military, to safeguard the Cape for the launch. The U.S. Air
Force’s 45™ Space Wing is patrolling the air, while the U.S. Coast Guard is scanning the water. NASA
security is teaming with local and state law enforcement to watch the ground. [“Guards keep sharp eye on
shuttle,” Orlando Sentinel, January 16, 2003, p A12.]

€ NASA mangers cleared shuttle Columbia for a 10:39 a.m. launch today bearing Israel’s first astronaut
and a payload bay packed with science experiments. In the morning meeting, the launch team reaffirmed
its decision that a cracked part inside one of shuttle Discovery’s liquid fuel lines did not pose a critical
threat to require inspecting similar parts buried deep in Columbia’s engine compartment. NASA said the
launch window stretches to 1:09 p.m. As part of heightened security since the Sept. 11 attacks, NASA
keeps the precise launch time a secret until about 24 hours before liftoff. Much of the outside world’s
attention has been focused on Israeli Air Force Col. Ilan Ramon, who will help run some of the science
experiments as his country’s first spacefarer. The six other crew members are Cmdr. Rick Husband, pilot
Willie McCool and astronauts Kalpana Chawla, Laurel Clark, David Brown and Michael Anderson. The
flight will be devoted to scientific research, with more than 80 experiments in the shuttle’s middeck and a
special Spacehab research lab in the cargo bay. [“Managers give shuttle clean bill of health,” Florida
Today, January 16, 2003, p 7A.]

& Columbia’s astronauts will be working 24 hours a day, using each other as guinea pigs in what could
be the last shuttle mission focused only on life sciences. Before now, Columbia was the only shuttle
incapable of flying to the International Space Station. It was qualified for science and for tasks such as
refurbishing the Hubble Space Telescope. Now that the orbiter, which is scheduled to lift off between
10:39 a.m. and 1:09 p.m. today, has been modified for station missions, it makes sense to focus on
biological experiments for long-duration space-station flights, said Roger Crouch, senior scientist at NASA
headquarters in Washington. Columbia’s mission encompasses a little bit of everything, including earth
science, such as studies of the behavior of fire in space. Many experiments are concentrating on what zero
gravity does to the human body. [“Flight may be last focused solely on life sciences,” Florida Today,
January 16, 2003, p 6A.]

@ Weeks of tension and anticipation melted into relief and excitement as Columbia and a crew that
includes the first Israeli astronaut soared with a roar into a bright, blue sky. Columbia embarked from
Kennedy Space Center at 10:39 a.m. on a 16-day science mission. Much of the attention surrounding the
oft-delayed mission focused on payload specialist Ilan Ramon. The Israel Air Force colonel is the first
person from his country to fly into space. There was almost a carnival atmosphere at KSC’s press site, as a
number of international journalists gathered to witness the historic launch. When the astronauts’ van
stopped briefly outside the Vehicle Assembly Building on its way to the launch pad, one unidentified
person in the Launch Control Center parking lot waved a big Israeli flag to greet them. Across the Space
Coast, visitors reveled in their clear views of the launch. There were whispered prayers, loud cheers and
flags bearing the Star of David waving as hundreds of people gathered at Kennedy Space Center’s
restricted VIP site to watch shuttle Columbia climb into the heavens. Besides Ramon, crew members are



Commander Rick Husband; pilot Willie McCool; and mission specialists Michael Anderson, David Brown,
Kalpana Chawla and Laurel Clark. Once the crew settles into orbit, its seven members will be working
around the clock, split into two teams on different sleep shifts. Columbia is due to land at Kennedy Space
Center on Feb. 1. Web posted. (2003). [First Israeli soars into orbit [Online]. Available WWW:
http://www.floridatoday.com/ [2003, January 16]. “Pride replaces anxieties,” Florida Today, January 17,
2003,p 1A & 3A.]

January 17: NASA’s 2004 budget request, officially embargoed until President Bush presents his
spending plan to Congress in February, contains a new emphasis on the nuclear propulsion research effort
the U.S. space agency calls Project Prometheus, according to published report. NASA would not provide
details about Project Prometheus, but NASA headquarters spokesman Don Savage said it is “in large part a
renaming of part of the [Nuclear Systems Initiative] that was announced last year.” NASA spokesmen
Friday night questioned details revealed earlier in the day in the Lost Angeles Times. The story stated that
the Bush administration has given an agency the go-ahead to build a nuclear-powered rocket. Not only
would the project make human travel to Mars feasible, the story suggests, work on the nuclear space rocket
would be a boon to California aerospace firms. The Times reported, based on an exclusive interview with
NASA chief Sean O’Keefe, the project might be announced during President Bush’s State of the Union
address set for Jan. 28. Savage said that the term “nuclear rocket” is not what NASA is developing.
Rather, reactor technology is being pursued. [“Report: Bush supports nuke-powered rocket system,”
Florida Today, January 18, 2003, p 8A.]

January 18: Space memorabilia from the Apollo moon-landing era has become hot among collectors, and
space enthusiasts now worry the items will be damaged or squirreled away in private collections, out of the
reach of future generations. The U.S. government for decades has been selling off items from space
missions, such as shuttle tires, unused rocket engine parts, flight manuals and maps. The feds sell the items
as surplus and add the money back into agency budgets. People who pick up the items, though, often turn
around and sell them through private channels. Auction houses such as Christie’s and Sotheby’s now hold
regular auctions of space memorabilia. Online auction house eBay offers more than 2,400 space
exploration collectibles. As the market heats up, some space aficionados complain items such as lunar
maps and parts of space capsules have been sliced and diced, making them more lucrative sales items but
wrecking their historical value. NASA “relentlessly” seeks to retain genuinely historical items, said space
agency news chief Robert Mirelson. Most of the space collectibles for sale are patches, photos and other
gewgaws the agency gave away by the thousands during the past four decades. [“Space sales worry buffs,”
Florida Today, January 19, 2003, p 1C.]

January 21: For the first time in 19 years, NASA is taking applications for K-12 teachers who want to
ride the shuttle to space. Kicking off its Educator Astronaut program at Hardy Middle School in
Washington on Tuesday. NASA said it has reserved spots for three to six adventurous teachers. Barbara
Morgan, who will be the first teacher to participate in the program, is scheduled to fly on shuttle Columbia
next year. She will fly as a full-fledged astronaut on a mission to the International Space Station. She also
will give lessons in space. Teachers accepted in the program will be eligible to fly multiple times on the
shuttle or even on a longer flight on the space station, said head astronaut Kent Rominger. [“NASA
looking for teacher astronauts,” Florida Today, January 22, 2003, p 1A & 10A.]

January 23: The science team for the Mars Exploration Rovers, set to launch from the Cape in May and
June, approved two recommended landing sites this week. Gusev Crater and an area called Terra Meridiani
were deemed the top two places for accomplishing the mission’s scientific goals after a series of open
meetings, the last of which occurred two weeks ago. Scientists hope the sites hold clues to Mars’ water
mystery. Those picks still have to pass several more rounds of scrutiny. A panel of experts will review the
sites and make a recommendation to NASA headquarters in March. Ed Weiler, NASA’s associate
administrator for space science, will make the final call in April. NASA stands a mere four months away
from launching the next pair of Mars rovers. [“Scientists pick sites for Mars landings,” Florida Today,
January 24,2003, p 1A & 3A.]

January 24: Northerners may feel free to scoff, but it’s a big deal here on Florida’s Space Coast: Snow
flurries were reported at the Kennedy Space Center Friday morning. “It’s so exciting,” said Linda Mullen,



a NASA employee originally from Virginia who works at the KSC Press Site. “It’s itty bitty, almost like
sleet that is ready to turn into snow.” Attempts to capture the flurries on videotape were not successful.
Web posted. (2003). [Flurries in Florida? Kennedy Space Center Gets Weird Weather [Online]. Available
WWW: http://www.space.com/ [2003, January 24].]

January 25: NASA'’s Solar Radiation and Climate Experiment (SORCE) successfully launched aboard a
Pegasus XL rocket over the Atlantic Ocean. Dropped from the wing of an L-1011 carrier aircraft at 3:14
p-m. EST, separation of the spacecraft from the rocket occurred 10 minutes and 46 seconds after launch at
about 3:24 p.m. Initial contact with the satellite was made seven seconds after separation via a NASA
communications satellite network. Approximately 21 days after launch, if all is going well, the instruments
will start initial science data collection and calibration will begin. The spacecraft will study the Sun’s
influence on our Earth and will measure from space how the Sun affects the Earth’s ozone layer,
atmospheric circulation, clouds and oceans. [“SORCE launch first step in study of Sun,” KSC
Countdown, January 28, 2003.]

January 27: The cruise stage, aeroshell and lander for the Mars Exploration Rover (MER-2) mission
arrived Monday and have been transferred to the Payload Hazardous Servicing Facility high bay. The
cruise stage and aeroshell will be removed from their shipping container on Thursday (Jan. 30). The first
of the two Mars Exploration Rovers will arrive at KSC in February. [“First stages of Mars Exploration
Rovers arrive at KSC,” KSC Countdown, January 30, 2003.]

January 28: Space shuttle Columbia’s astronauts joined Mission Control in a moment of silence Tuesday
at the exact time 17 years ago that Challenger exploded in the sky. NASA’s work force, in orbit and on
Earth, remembered not only the seven astronauts who died on January 28, 1986, but also the three who
were killed by a fire in their Apollo spacecraft at the pad on January 27, 1967. At the launch site Tuesday,
flags flew at half staff for the second day in a row. Web posted. (2003). [Space crews remember fallen
astronauts [Online]. Available WWW: http://www.cnn.com/ [2003, January 28].]

January 29: A Boeing-built Delta 2 rocket placed the Global Positioning System satellite 800 miles above
Earth after its launch at 1:06 p.m. from Cape Canaveral Air Force Station. This rocket had some problems
making it to launch day. In October, a crane operator misread a technician’s hand signal and pulled on the
rocket’s third stage while it was still attached to the second stage. This cracked a spin table between the
second and third stages. The spin table helps separated the two stages in space. [“Delta 2 replaces military
satellite,” Florida Today, January 30, 2003, p 1A.]

January 30: The General Accounting Office reported Thursday that NASA has made significant progress
toward solving management problems in the past two years, but there are still areas of concern. The GAO
applauded the National Aeronautics and Space Administration’s efforts to bring the international space
station program under budgetary control and said the agency has a strong plan in place to replace its aging
work force. But NASA still needs to improve how it manages its work force and make sure the space
station meets a new set of financial targets, the report by the investigative arm of Congress said. The
agency needs to keep trying to cut the cost of launches — including the space shuttle — and clean up its
system of overseeing contracts with private companies. The GAO tapped NASA’s contract management as
“high-risk” because of past problems. NASA, however, is bringing on board an agency-wide accounting
system that should help, the report said. NASA spokesman Robert Mirelson said the agency is pleased the
GAO noted its efforts to improve and that more progress is coming. [“NASA, HUD solve some of their
problems, GAO report says,” Orlando Sentinel, January 31, 2003, p A10.]

January 31: NASA has settled negotiations that increase the value of a two-year extension of the Space
Flight Operations Contract (SFOC) held by United Space Alliance, LLC, in Houston, by $59.91 million.
NASA’s exercising of the two-year SFOC extension, which supports the Space Shuttle Program, was
previously announced in August 2002 with negotiations continuing. This final agreement on price, terms,
conditions and scope of work for the contract, through Sept. 30, 2004, brings the total value of the two-year
contract extension to $2.90 billion. The SFOC is NASA’s prime contract for support of the Space Shuttle
and provides operations services for the International Space Station. The effort under this contract entails
the provision of space flight operations including all work necessary and appropriate to support scheduled



space flight missions through the two-year period. This is a cost reimbursement contract with award fee,
incentive fee and performance fees. The principal places of performance of work under this contract are
United Space Alliance facilities in Houston, Huntsville, Ala., the Kennedy Space Center, Fla., and major
subcontractor facilities in Huntington Beach, Calif., Houston, and Cape Canaveral, Fla. [“NASA Finalizes
Contract With United Space Alliance,” NASA News Release #C03-001, January 31, 2003.]

€ Good weather is expected for the landing of the shuttle Columbia Friday (Feb. 1) at Kennedy Space
Center. The orbiter’s first landing attempt is at 9:15 a.m. Scattered clouds and favorable winds are forecast
for the end of the 16-day science mission. If the first attempt is waved off, a second attempt is scheduled
for 10:51 a.m. Apparent minor damage to the protective tiles on Columbia’s left wing shouldn’t affect the
procedure for landing, entry flight director Leroy Cain said Friday (Jan. 31). The damage was likely
caused by foam that came off the shuttle’s external tank during ascent, a Johnson Space Center spokesman
said. [“Forecast shows good landing weather,” Florida Today, February 1, 2003, p 1B.]

€ The launch of a Titan 4B rocket scheduled for next week at Cape Canaveral Air Force Station has
been pushed back until March at the earliest. It is supposed to carry a Milstar military communications
satellite into orbit. Mission managers were afraid that part of the rocket might swing too much when the
Centaur upper stage engine fired. The Eastern Launch and Test Range will undergo an upgrade from Feb.
10 to March 4. This is the system that helps track and communicate with the rocket. The booster will be
rescheduled after the range reopens. The Delta 4, also scheduled to launch next week with a DSCS military
communications satellite, has been delayed a day to Feb. 7 at the earliest. Launch time is about 7:06 p.m.
to 11 p.m. [“Titan 4B launch postponed,” Florida Today, February 1, 2003, p 1B.]

During January: Nelson Engineering Co., headquartered in Titusville, recently was awarded Kennedy
Space Center’s Small Business Subcontractor of the Year award for fiscal year 2002. The company began
operations in May 1993 and provides a wide range of engineering services to the aerospace community.
Current subcontractors include Space Gateway Support, United Space Alliance, Boeing and Lockheed
Martin. [“KSC names local company as Small Business Subcontractor of the Year,” Brevard Technical
Journal, January 2003, p 14.]



The STS-107 crew poses in front of the entry into Space Shuttle Columbia during Terminal Countdown
Demonstration Test activities on the pad. Kneeling in front are (left to right) Payload Specialist [lan Ramon
(the first Israeli astronaut), Pilot William "Willie" McCool and Mission Specialist David Brown. Standing
in back are (left to right) Payload Commander Michael Anderson, Mission Specialist Kalpana Chawla,
Commander Rick Husband and Mission Specialist Laurel Clark. The TCDT also includes a simulated
launch countdown. STS-107 is a mission devoted to research and will include more than 80 experiments
that will study Earth and space science, advanced technology development, and astronaut health and safety.
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FEBRUARY

February 1: (9:20 a.m.) NASA has lost communication with the orbiter Columbia and has no tracking
data. (9:39 a.m.) Kennedy Space Center is locked down with security. (9:43 a.m.) TV stations are
reporting Columbia exploded over Texas with debris falling over Texas. (10:55 a.m.) NASA ordered
contractor to close the Kennedy Space Center Visitors Complex. (12:06 a.m.) Twenty five Kennedy
Space Center staff are on their way to Texas to assist with the search and rescue. Also, the Defense
Department has dispatched a team of people who specialize in space shuttle support. Web posted. (2003).
[STS-107 Columbia landing journal [Online]. Available WWW: http://www.floridatoday.com/ [2003,
February 1].]

(12:09 p.m.) A Space Shuttle contingency has been declared in Mission Control, Houston, as a result of the
loss of communication with the Space Shuttle Columbia at approximately 9 a.m. EST Saturday as it
descended toward a landing at the Kennedy Space Center. It was scheduled to touchdown at 9:16 a.m.
EST. Communication and tracking of the shuttle was lost at 9 a.m. EST at an altitude of about 203,000 feet
in the area above north central Texas. At the time communications were lost, the shuttle was traveling
approximately 12,500 miles per hour (Mach 18). No communication and tracking information were
received in Mission Control after that time. Search and rescue teams in the Dallas-Fort Worth and in
portions of East Texas have been alerted. Flight controllers in Mission Control have secured all
information, notes and data pertinent to today’s entry and landing by Space Shuttle Columbia. [“NASA
Statement on Loss of Communications With Columbia,” NASA News Release #03-030, February 1, 2003.}

(1:32 p.m.) NASA says it’s clear there are no survivors. Associate Administrator Bill Readdy, a former
astronaut himself: “Sadly, I think from the video that is available, it does not appear there were any
survivors.” Web posted. (2003). [STS-107 Columbia landing journal [Online]. Available WWW:
http://www.floridatoday.com/ [2003, February 1].]

(2:05 p.m.) “My fellow Americans, this day has brought terrible news and great sadness to our country. At
9:00 a.m. this morning, Mission Control in Houston lost contact with our space shuttle Columbia. A short
time later, debris was seen falling from the skies above Texas. The Columbia is lost; there are no
survivors.,” President Bush tells the nation. “May God bless the grieving families, and may God continue
to bless America.” Web posted. (2003). [Text of Bush’s statement on Columbia [Online]. Available
WWW: http://www.HoustonChronicle.com/ [2003, February 1].]

(4 p.m.) Shuttle program manager Ron Dittemore, in an emotional briefing with his top technical deputies,
says point blank that NASA does not know what happened yet. He says the agency needs to reconstruct as
much of the vehicle as possible. He thanks the public for its aid in finding debris, which is spread over a
large area. Web posted. (2003). [STS-107 Columbia landing journal [Online]. Available WWW:
http://www.floridatoday.com/ [2003, February 1].]

(4 p.m.) Statement by NASA Administrator Sean O’Keefe: "This is indeed a tragic day for the NASA
family, for the families of the astronauts who flew on STS-107, and likewise is tragic for the Nation.
Immediately upon indication of a loss of communications from STS-107, at a little after 9:00 a.m. this
morning, we began our contingency plan to preserve all the information relative to the flight activities. I
immediately advised the President and the Secretary of Homeland Security, Tom Ridge, at the point after
landing was due to have occurred at 9:16 a.m., and spoke to them very briefly to advise them that we had
lost contact with the Shuttle orbiter, Columbia, and STS-107 crew. They offered, the President specifically
offered, full and immediate support to determine the appropriate steps to be taken. We then spent the next
hour and a half working through the details and information of what we have received and Bill Readdy,
Associate Administrator for the NASA Office of Space Flight, will walk you through the specifics of those
operational and technical issues. We met with the family members of the astronauts who were here at the
Kennedy Space Center and are soon to be departing back to the Johnson Space Center in Houston. The
President has called and spoken to the family members to express our deepest national regrets. We have
assured them that we will begin the process immediately to recover their loved ones and understand the
cause of this tragedy. We have no indication that the mishap was caused by anything or anyone on the

11



ground. We assembled a Mishap Investigation Team at a point past the stage that the orbiter was to have
landed here at Kennedy Space Center a little after 9:30. That team, in turn, is coordinating on a regular
basis on all the facts that are pertaining to this from the Johnson Space Center with help from a Rapid
Response Team from here at the Kennedy Space Center, as well participants from the Marshall Space
Flight Center in Huntsville, Alabama. In addition to these internal efforts, we have appointed a Mishap
Investigation Board, an external group of people who are independent from NASA who will be charged
with the responsibility to look at all the information that was immediately locked down right after the
absence of communications. Each of these individuals are Safety and Mission Assurance related officials in
other departments of the Federal government, from the Air Force, the Navy, the Department of
Transportation, and across the federal expanse. This Investigation Team will be chaired by an individual
who is external to the federal agencies and will have the responsibility to coordinate all the information
from an external view. So we'll be conducting both the internal activity as well as the external review
immediately to ascertain the causes and circumstances under which this tragedy occurred. We have pulled
together all the federal agencies and local governments as well. I have been in discussion several times

this morning with Secretary Tom Ridge. The effort is under way to coordinate an understanding of exactly
where the orbiter path had taken it from West Texas towards the Kennedy Space Center here in Florida and
to make sure that the material on the ground is secured so that the investigation can begin promptly. We
would urge people who believe they have found any material to stay away from it and to please contact
local officials. The local first responder groups for emergency services have been authorized and directed
by Secretary Tom Ridge to assist in any way. The Federal Emergency Management Agency is coordinating
that effort on behalf of the Department of Homeland Security. I was here this morning with the families of
the astronauts and their friends. It started out as a pretty happy morning, as we awaited the landing of STS-
107. We had highly anticipated their return because we couldn't wait to congratulate them for their
extraordinary performance and their excellent effort on this very important science mission. They
dedicated their lives to pushing scientific challenges for all of us here on Earth. They dedicated themselves
to that objective and did it with a happy heart, willingly and with great enthusiasm. The loss of this valued
crew is something we will never be able to get over. We have assured the families that we will do
everything, everything we can possibly do to guarantee that we work our way through this horrific tragedy.
We ask the members of the media to honor that too. Please respect their privacy and please understand the
tragedy that they are going through at this time. We will help the media assure that this will be the case as
well. We trust the prayers of the Nation will be with them and with their families. A more courageous
group of people you could not have hoped to know- an extraordinary group of astronauts who gave their
lives-and the families of these crewmembers. They knew exactly the risks. And never, ever did we want to
see a circumstance in which this could happen. We diligently dedicate ourselves every single day to
assuring these things don't occur. And when they do we have to act responsibly, accountably and that is
exactly what we will do." [“Statement by NASA Administrator Sean O’Keefe,” NASA News Release
#03-032, February 1, 2003.]

(5 p-m.) NASA has established a telephone hotline and electronic mail address for the public to use for
reporting information that may help investigators studying today's Space Shuttle mishap. Anyone who
discovers debris from the accident or who has film or video evidence that may be of value to the
investigation team is urged to use these contacts. Please avoid contact with any debris, because it may be
hazardous as a result of toxic propellants aboard the Shuttle. All debris is U.S. Government property and is
critical to the investigation of the mishap. All debris from the accident is to be left alone and reported to
Government authorities. Unauthorized persons found in possession of accident debris will be prosecuted to
the full extent of the law. [“NASA Asks For Help With Columbia Investigation,” NASA News Release
#03-033, February 1, 2003.]

(7:00 p.m.) The Space Shuttle Columbia and its seven astronauts were lost today when the vehicle broke up
over north central Texas during its reentry from orbit. Communications were lost with Columbia and its
crew at around 8:00 a.m. CST, while the shuttle was traveling about 18 times the speed of sound at an
altitude of 207,000 feet. Columbia was 16 minutes from landing at the Kennedy Space Center when flight
controllers at Mission Control lost contact with the vehicle. Columbia was returning from a 16-day
scientific research mission, its 28th flight, which launched on January 16. Aboard Columbia were
Commander Rick Husband, completing his second flight, Pilot William McCool, wrapping up his first
mission, Mission Specialists Dave Brown, also completing his first mission, Kalpana Chawla, on her

12



second flight, Laurel Clark, a first-time space traveler, Payload Commander Mike Anderson, ending his
second flight, and Payload Specialist Ilan Ramon of the Israel Space Agency, on his first flight. Prior to the
loss of communications with Columbia, the shuttle's return to Earth appeared perfectly normal. After
assessing some wispy fog near the shuttle's three-mile long landing strip at KSC before dawn, Entry Flight
Director Leroy Cain gave approval for the firing of the shuttle's braking rockets to begin its descent from
orbit. Husband and McCool began the deorbit burn to allow Columbia to slip out of orbit at 7:15 a.m. CST.
There was no indication of anything abnormal with Columbia's reentry until the last communications
between Mission Control and the crew. At Columbia's intended landing site, NASA Administrator Sean
O'Keefe and Associate Administrator for Space Flight William Readdy met with the families of the
astronauts to offer their condolences, vowed to uncover the cause of the accident and press ahead with the
Shuttle program. "This is indeed a tragic day for the NASA family, for the families of the astronauts who
flew on STS-107, and likewise is tragic for the nation," said O'Keefe. "We have no indication that the
mishap was caused by anything or anyone on the ground," O'Keefe added. In a briefing, Chief Flight
Director Milt Heflin said that around 7:53 a.m. CST, just minutes before communications were lost with
Columbia, flight controllers detected indications of a loss of hydraulic system temperature measurements
associated with Columbia's left wing, followed three minutes later by an increase in temperatures on the
left main gear tires and brakes. At 7:58 a.m., flight controllers noted a loss of bondline temperature sensor
data in the area of the left wing followed a minute later by a loss of data on tire temperatures and pressures
for the left inboard and outboard tires. After several attempts to try to contact Columbia, Cain declared a
contingency, whereby flight controllers began preserving documentation regarding the entry phase of the
flight. Recovery forces fanned out from Texas to Louisiana to try to recover debris that will be pertinent to
the mishap investigation. Space Shuttle Program Manager Ron Dittemore said several teams have been
organized to gather data for analysis and will report to an external investigation board that was appointed
by Administrator O'Keefe. Dittemore added that no specific orbiter debris or crew remains have been
positively identified at this time, and that there is no leading theory for the cause of the accident. Dittemore
said the processing of other shuttles at the Kennedy Space Center for future launches has been temporarily
halted to enable engineers to review data regarding vehicle processing and to focus attention on capturing
all pertinent information involving Columbia's prelaunch preparations. NASA managers will be meeting
on a regular basis to begin reviewing data associated with Columbia's investigation. The next status
briefing from the Johnson Space Center is tentatively scheduled from the Johnson Space Center, Houston,
TX at 12:00 p.m. CST Sunday. On the International Space Station, Expedition 6 Commander Ken
Bowersox, Flight Engineer Nikolai Budarin and NASA ISS Science Officer Don Pettit were informed of
the loss of Columbia and its crew shortly after a Russian Progress resupply vehicle undocked from the ISS.
Filled with discarded items no longer needed on the ISS, the Progress was commanded to deorbit by
Russian flight controllers and reentered the Earth's atmosphere. A new Progress cargo ship will be
launched Sunday from the Baikonur Cosmodrome in Kazakhstan at 6:59 a.m. CST (1259 GMT) filled with
supplies for the Expedition 6 crew. It is scheduled to dock to the ISS Tuesday morning. ISS program
officials say, if necessary, the current resident crew could remain in orbit until late June with the supplies
being ferried to the station on the new Progress. [STS-107 MCC Status Report #19, February 1, 2003.]

@ Statement on STS-107 by the United Space Alliance: “We deeply regret today’s tragedy, and our
hearts and prayers go out to the families of the crew. The safety of the astronauts has always been our top
priority, and this tragic loss is very painful to us all. Right now, our top priority is and will remain the
determination of the cause of the accident as soon as possible in order to prevent it from ever happening
again.” Signed: Russell D. Turner, President and CEO, United Space Alliance. Web posted. (2003).
[Statement on STS-107 by the United Space Alliance [Online]. Available WWW:
http://www.spaceref.com/ [2003, February 1].]

@ NASA investigators Saturday began looking at a complex series of events seconds after the launch of
shuttle Columbia that may have doomed the ship and its seven-member crew. Much of their attention
focused on the spaceship’s left wing. Seconds after the shuttle’s Jan. 16 liftoff, a chunk of rubbery
insulation from Columbia’s external fuel tank broke loose and struck the wing’s heat-resistant tiles that
protect the ship from temperatures of up to 3,000 degrees Fahrenheit during its fiery return to Earth. Flight
controllers stopped receiving temperature data from sensors on the wing’s hydraulic system, landing-wheel
well and trailing edge just minutes before the shuttle disintegrated over east central Texas on Saturday.
Even so, NASA chief flight director Milt Heflin warned it is too soon to blame the tank debris for the
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disaster. [“Fatal return, a stunned NASA searches for answers,” Orlando Sentinel, February 2,2003, p 1
&221]

@ Federal officials began combing through the rural landscape of eastern Texas and western Louisiana
after pieces of Columbia littered fields and peppered buildings across more than 500 square miles. The
Environmental Protection Agency began coordinating a massive cleanup, and the Army’s 1* Cavalry
Division deployed a task force — including helicopters and military police — to help search for wreckage
from the 17,800 pound shuttle. Local, state and federal authorities joined in to search for clues to the
national tragedy. Authorities ordered people to stay at least 100 yards away from the debris because of
contamination fears, but a number of residents picked up pieces and turned them over to police. The
epicenter of the fallout appeared to be Nacogdoches, which is about 145 miles northeast of Houston. Parts
were also scattered across western Louisiana, including some pieces that apparently plunged into Toledo
Bend reservoir on the Texas border. Two F-16s from the Naval Air Station Joint Reserve Base in Fort
Worth were dispatched to help map the debris field. [“Sky lights up, and rain of metal starts,” Orlando
Sentinel, February 2, 2003, p 2-3.]

@ The space shuttle Columbia carried a variety of chemicals that could cause serious problems — from
burns to respiratory illnesses — for anyone who touches them. Officials said most of the chemicals would
have quickly dissipated after the Columbia accident, but traces could remain on pieces of tanks in which
they were contained or on maneuvering thrusters. “The danger is if there happens to be something still on
the ground contained in a container,” said Bruce Buckingham, spokesman for Kennedy Space Center.
Monomethyl hydrazine and nitrogen tetroxide are the two chemicals primarily used as rocket fuel, igniting
upon contact in the shuttle. Officials weren’t sure how much of the fuels were left in reserves when the
Columbia began breaking apart, and it was uncertain what kind of shape the containers would be in after
crashing to Earth. [“Debris could harbor dangerous residue,” Orlando Sentinel, February 2, 2003, p 5.]

€ Hours after Columbia took to the skies on Jan. 16, NASA administrators knew that critical thermal
tiles on the shuttle’s left wing might have been damaged. For almost two weeks, they pondered the impact
of the damage — knowing full well there was nothing they could do if it turned out to be serious. They
reviewed video footage of the launch, showing a piece of insulating foam falling from the external fuel tank
and striking Columbia” left wing. On Friday, reflecting what officials said was a unanimous view,
NASA'’s lead flight director, Leroy Cain, said engineers had concluded that any damage to the wing would
not be a safety hazard. On Saturday — after Columbia disintegrated over Texas minutes after sensors on the
left wing stopped functioning — administrators were second-guessing themselves. “We can’t discount that
there might be a connection,” shuttle manager Ron Dittemore said during an emotional press conference.
Dittemore said the astronauts had no ability to inspect the underside of the shuttle, where the tile damage
may have occurred, or to attempt a spacewalk to fix it. In fact, tile damage is nothing new, the shuttle
Discovery landed in 1985 with 123 badly damaged tiles, a success that engineers called a tribute to the
shuttle’s design. “We have no capability to repair it,” Dittemore said. “All we can do is, before we launch,
design robustness into the system so that a loss of some tile capability will not result in loss of crew or
vehicle.” [“NASA suspected after liftoff that something was wrong,” Orlando Sentinel, February 2, 2003,
p22.]

February 2: NASA Administrator Sean O’Keefe today announced the members of the Space Shuttle
Mishap Interagency Investigation Board, which will provide an independent review of the events and
activities that lead up to the tragic loss of the seven astronauts Saturday on board the Space Shuttle
Columbia. Retired U.S. Navy Admiral Harold W. Gehman, Jr., will chair the panel. Other members of the
investigative board includes: Rear Admiral Stephen Turcotte, Commander, U.S. Naval Safety Center,
Norfolk, Va.; Major General John L. Barry, Director, Plans and Programs, Headquarters Air Force Materiel
Command, Wright-Patterson Air Force Base, Ohio; Major General Kenneth W. Hess, Commander, U.S.
Air Force Chief of Safety, Kirtland Air Force Base, N.M.; Dr. James N. Hallock, Aviation Safety Division
Chief, U.S. Department of Transportation, Cambridge, Mass.; Steven B. Wallace, Director of Accident
Investigation, Federal Aviation Administration, Washington; Brigadier General Duane Deal, Commander
21st Space Wing, Peterson Air Foce Base, Colo. Several senior NASA leaders also will be a part of the
panel, including G. Scott Hubbard, Director, NASA Ames Research Center, Moffett Field, Calif.; Bryan D.
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O'Connor, NASA Associate Administrator and former astronaut, Office of Safety and Mission Assurance,
Headquarters, will serve as Ex-Officio Member; and Theron Bradley, Jr., NASA Chief Engineer,

NASA Headquarters, Washington, will be Executive Secretary. [“NASA Announces Space Shuttle
Columbia Accident Investigation Board (The Gehman Board),” NASA News Release #03-034, February
2,2003.]

@ The President and Mrs. George W. Bush will join NASA Administrator Sean O’Keefe Tuesday
(February 4) afternoon in paying tribute to the brave heroes of the Space Shuttle Columbia crew during a
special memorial service at the NASA Johnson Space Center in Houston. The ceremony will honor NASA
astronauts Rick Husband, William McCool, Michael Anderson, Kalpana Chawla, David Brown, Laurel
Clark, and Israeli astronaut Ilan Ramon. This will be a private ceremony for family members, friends, and
invited guests, along with NASA employees and contractors. [“NASA Memorial Service Scheduled At
Johnson Space Center,” NASA News Release #03-37, February 2, 2003.]

@ Two briefings are scheduled Monday (February 3) in NASA’s continuing effort to keep the public up-
to-date on the latest developments involving the investigation into the tragic accident that killed the seven-
member crew of Space Shuttle Columbia. Both briefings will feature questions from reporters at
participating NASA centers and will be broadcast live on NASA Television. [“NASA Asks For Help With
Columbia Investigation,” NASA News Release #03-033, February 2, 2003.]

@ [Insurers will soon be processing a claim for the commercial research laboratory that was lost aboard
the shuttle Columbia. The claim will be filed by Spacehab Inc., of Webster, Tex., a company that has built
its business around NASA's space shuttle program. Columbia’s 16-day research mission marked the debut
of the Research Double Module, a pressurized science lab installed in the shuttle’s cargo bay. The module
was designed, built, owned and operated by Spacehab. The reported value of the Double Research Module
is roughly equivalent to the company’s $100 million in annual revenue. Web posted. (2003). [13100 Million
Commercial Science Lab Lost on Columbia Was Insured {Online]. Available WWW:
http://www.space.com/ [2003, February 2].]

@ United Space Alliance (USA), operator of NASA’s space shuttle fleet, is continuing to prepare the
shuttle Endeavour for its next flight despite the disruption to normal shuttle operations caused by
Saturday’s loss of Columbia, said Mike Curie, a spokesman for USA. USA, which is jointly owned by
Boeing Co. of Chicago and Lockheed Martin Corp. of Bethesda, Md., also is continuing previously
scheduled maintenance work on the shuttle Discovery and does not expect that effort to be slowed in the
aftermath of the accident, Curie said Feb. 2. “We’ve been instructed by NASA to continue processing
Endeavour for its next flight, whenever that may be,” he said. USA is following a pre-determined
contingency plan as it reacts to the tragic loss of Columbia Saturday morning in the skies over Texas.
Curie said the company’s employees in Houston and at the Kennedy Space Center in Florida were told to
impound flight data and hardware related to the lost orbiter so it can be safeguarded and centralized for
investigators probing the accident. He said USA routinely keeps information and other material following
each shuttle launch, but is taking extra steps to ensure the integrity and availability of anything connected
with the last flight of Columbia. Web posted. (2003). [Shuttle Endeavour Flight Preparations Continue
[Online]. Available WWW: http://www.space.com/ [2003, February 2].]

& The three-man crew at the International Space Station was grieving but still proud to be on its mission
after being told about the Columbia accident by a NASA official. Bob Cabana, director of flight crew
operations, said he told the crew of two American’s and one Russian about the accident roughly 24 hours
after Columbia disintegrated 39 miles over Texas. The latest crew — NASA astronauts Ken Bowersox and
Don Pettit and Russian Soyuz commander Nikolai Budarin — arrived at the space station in November and
is scheduled to return to Earth in March. Cabana said he assured Bowersox that he would tell the crew
anything learned from the Columbia investigation. He also shared stories about Columbia’s crew. Web
posted. (2003). [Space Station Crew Grieves for Lost Comrades, Soldiers On {Online]. Available WWW:
http://www.space.com/ [2003, February 2].]

@ The space shuttle Columbia, lost with its seven-person crew in a re-entry accident on Saturday, was
considered for retirement in 2001. The oldest orbiter in the fleet, it had experienced engineering problems
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before during a long career that began with the first shuttle mission more than 20 years ago. Yet none of
the previous glitches on Columbia, which underwent a $90 million, 17-month overhaul that began in
September 1999, were though to have contributed to the fatal mishap. The 90-ton shuttle, heavier than
other spacecraft in the fleet, was the only one not outfitted to dock with the international space station.
NASA had considered mothballing it in 2001 because of budget constraints, but decided to keep it in
service, in part to ensure flying several scheduled missions. The $2 billion craft has been part of numerous
NASA milestones since becoming the first shuttle to go into orbit in 1981. Web posted. (2003). [NASA
weighed retiring Columbia in 2001 [Online]. Available WWW: http://www.cnn.com/ [2003, February 2].]

@ The external fuel tank that launched the space shuttle Columbia — a focus of the investigation into
Saturday’s disaster — was a type that was being phased out and used insulation that had flaked off on a prior
mission. But Lockheed Martin, which operates the facility that has made the external fuel tanks for evey
shuttle flight, said the tank used on Columbia’s fatal flight was “perfect for this mission.” NASA chief
Sean O’Keefe said Sunday that investigators will examine whether insulation that broke from the tank
during its Jan. 16 launch damaged heat-protecting tiles and ultimately doomed the shuttle and its seven
astronauts. Before the shuttle broke apart, NASA had determined that Columbia was not damaged when
the insulation broke off and struck the shuttle’s left wing. The Lockheed Martin Michoud Assembly Center
in New Orleans produces the shuttle program’s 154-foot-high external tanks, which are used only once.
Columbia’s final mission used a “lightweight tank,” a type first used in April 1983 by the space shuttle
Challenger. Web posted. (2003). [External tank one focus of Columbia investigation [Online]. Available
WWW: http://www.cnn.comv/ [2003, February 2].]

€ Statement from eBay: eBay and its community of users are deeply saddened by the loss of the Space
Shuttle Columbia and its brave crew. Our sympathies go out to the families of the crew and all those
affected by this terrible tragedy. The handling of any debris from the Space Shuttle Columbia is potentially
dangerous and against Federal law. Any listing of shuttle debris on eBay, now or in the future, will be
immediately removed from the site. In addition, eBay will cooperate fully with law enforcement agencies
requesting information about users attempting to list illegal items. Web posted. (2003). [eBay press
statement — Space Shuttle Columbia Tragedy [Online]. Available WWW: http://www.spaceref.com/
{2003, February 2].]

€ NASA is centering a series of failures in shuttle Columbia’s left wing because temperatures just above
the wing and beneath it spiked in the seconds before NASA lost contact with the ship. Columbia
disintegrated over Texas on Saturday as it attempted to re-enter Earth’s atmosphere. The investigation of
the crash began to take shape Sunday as members of a NASA mishap team and newly appointed
independent review board began arriving at Barksdale Air Force Base near Shreveport, La., where pieces of
the shuttle began arriving from scattered locations across Texas and Louisiana. Meanwhile, NASA’s
engineers scoured bits of data the shuttle transmitted to the ground during its final minutes flying across the
western United States and found further indications that its thermal-protection systems failed.
Temperatures outside and above the left wing rose 60 degrees in about five minutes. At the same time,
without warning, ground computers stopped getting readings from temperature instruments inside the left
wheel well. Another temperature indicator showed the heat outside the left side of the orbiter was spiking
as it flew over California. Shuttle Program Manager Ron Dittemore said the vehicle was pulling to the left
and its automated flight control computer tried to correct the vehicle’s position. The data indicates the
automatic pilot was correcting more severely than it ever had in any of the previous 112 flights of the space
shuttles. The cause of the increasing temperatures on the left side of the shuttle is not known, but NASA
continues to study an incident 80 seconds into the launch of Columbia on January 16 from KSC. [*NASA
scours data,” Flerida Today, February 3, 2003, p 1S & 2S.]

€@ Experts at Kennedy Space Center are sifting through information that may help the Columbia accident
investigation. “We’ve impounded all the data, and we’ve moved it to a retention center here at KSC,” said
Jack King of United Space Alliance, the company that processes shuttles at KSC. Kennedy Space Center
provided all of its film of the launch to the investigation, NASA spokesman Bruce Buckingham said
Sunday. It will help in the analysis of the piece of foam that flew off the external tank and hit the orbiter’s
left wing. “Today, we’ve got 20 different teams operating, with six members on each team, and it’s broken
down by subsystem,” King said. The teams consist of specialists in such areas as hydraulics and insulating
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tiles. They are looking at information dating from when Columbia came back from its last mission — the
Hubble telescope repair mission in March 2002 — through launch. Normal shuttle processing is continuing
for Discovery, which is undergoing an overhaul, and Endeavour, King said. Atlantis is in the Vehicle
Assembly Building, mated to the boosters and external tank, awaiting a test before its planned rollout.
USA employees who are specialists on Spacehab are at Barksdale Air Force Base in Louisiana to aid in
identifying debris, King said. Fifty more USA workers were on standby to join the recovery effort.
[“Shuttle component experts sifting through data at KSC,” Florida Today, February 3, 2002, p 4S.]

4 When astronauts on shuttle Columbia granted early morning interviews from space a few days ago,
only a few journalists took advantage of the opportunity and showed up at Kennedy Space Center. And for
Saturday’s scheduled landing of the space shuttle, relatively few reporters were at the space center. But
shortly after the accident over Texas, news crews began pouring into KSC and, by Sunday morning, news
media had reached levels not seen since John Glenn’s return to space a few years ago and the Challenger
accident 17 years ago. “Typically on a landing we’re going to get about 100 (news crews) or less,” said
Bruce Buckingham, a spokesman for KSC. “Now we probably have 10 times that much.” During the
busiest period Saturday afternoon, employees at the center were handling more requests for journalists’
credentials than they had in a long time. Journalists came from news organizations from around the world.
Many more are in Houston. Trucks with satellite dishes, and other vehicles packed the parking lot at the
press site. [“News media crowd covers space center,” Florida Today, February 3, 2003, p 6S.]

& Visitors to Kennedy Space Center’s Visitor Complex dropped assorted flowers at the Astronaut
Memorial. Seventeen astronauts are memorialized on the Space Mirror located at the Visitor Complex.
The memorial is designed to perpetually shine light through the names that have been carved all the way
through slabs of granite. Those names include astronauts from Challenger and Apollo 1, but also others
who died in training accidents. As for adding the names of the Columbia’s crew, Steve Feldman, president
of the Astronauts Memorial Foundation, said it is premature to talk of such things. “We’re mourning the
loss of Columbia. People are either grieving or praying,” he said Saturday, as he was about to attend a
silent vigil at the memorial. [“Too early to add names to astronauts memorial,” Florida Today, February
3,2003, p12S.]

February 3: Vice-President Richard (Dick) B. Cheney will join NASA Administrator Sean O’Keefe
Thursday, February 6, at the Washington National Cathedral for a private memorial service to honor the
dedicated and brave crew of the Space Shuttle Columbia. [*“Vice-President to honor Columbia’s crew at
National Cathedral,” NASA News Release #03-045, February 3, 2003.]

4 Statement from the families of the Space Shuttle Columbia: On January 16th, we saw our loved ones
launch into a brilliant, cloud-free sky. Their hearts were full of enthusiasm, pride in country, faith in their
God, and a willingness to accept risk in the pursuit of knowledge --- knowledge that might improve the
quality of life for all mankind. Columbia's 16—day mission of scientific discovery was a great success, cut
short by mere minutes ---- yet it will live on forever in our memories. We want to thank the NASA family
and people from around the world for their incredible outpouring of love and support. Although we grieve
deeply, as do the families of Apollo 1 and Challenger before us, the bold exploration of space must go on.
Once the root cause of this tragedy is found and corrected, the legacy of Columbia must carry on --- for the
benefit of our children and yours. [“Statement from the families of Space Shuttle Columbia,” NASA News
Release #03-043, February 3, 2003.]

@ A few days before the Columbia shuttle disaster, NASA noted that debris that hit the left wing during
takeoff created “the potential for a large damage area to the tile.” In the internal memo, the space agency
said the incident should have “no mission impact.” But now, NASA says, “it may certainly be the leading
candidate” in the search to explain the shuttle’s breakup during re-entry Saturday. The memo was written
twelve days into Columbia’s mission by the manger of the mission evaluation room (MER), where
engineers monitor components of the orbiter during shuttle flights. The memo said analyses indicate
“possible localized structural damage but no burn-through, and no safety of flight issue” from the insulation
that fell off an external fuel tank when Columbia blasted off. The memo was written by Don L.
McCormack, Jr., STS-107 Lead MER Manager. Web posted. (2003). [NASA memo warned of ‘potential
for large damage,” [Online]. Available WWW: http://www.cnn.com/ [2003, February 3].]
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@ At a briefing to KSC employees, Center Director Roy Bridges shared these thoughts: “[They are]
seven heroes we regarded as our KSC family members. Today as we pause from our tasks, let us reflect
and remember, let us count the many blessings... in the honor we have had knowing and working with
these astronauts in our joint effort to explore space. Let us each take comfort in this thought, that we each
had the freedom to choose to work in the space program... That we each regard it as a special privilege to
be a member of this team of like-minded people. .. That we do it in a spirit of awe and wonder and joy for
the benefit of all on this planet. We are a people who live to explore. We count the risk and we still choose
to do it because the results are worth it. This is the best team on this planet and don’t you ever forget
that... We must avoid ever losing faith in each other. We should not feel guilty about the feeling of
exhilaration on [the expected] return of the crew of Columbia. Remember them by getting on with the
mission to explore space.” [“Fallen heroes evoke messages of faith, tribute and support,” KSC
Countdown, February 4, 2003.}

€ NASA revealed Monday that some engineers have dissented all along from the official conclusion that
shuttle Columbia was not severely damaged by a chunk of insulation during liftoff Jan. 16. Shuttle-
program director Ron Dittemore said he only now has become aware of the internal disagreements, which
he credited with forcing NASA investigators to reassess all assumptions about the cause of the disaster.
Until Monday, Dittemore had repeatedly asserted that program managers and engineers had “agreed to a
person” that damage to the left wing from the flying debris was “inconsequential.” But on Monday, he
conceded, “Certainly the debris is one of our primary areas of emphasis.” The reason, he said, is that some
lower-level engineers are — and have been — questioning the assumption that the impact of the insulation
was essentially harmless. Dittemore said he became aware of their concerns only recently — not during
Columbia’s 16-day mission when scientists repeatedly discussed the insulation, which appeared to explode
into a mist upon contact with the shuttle. He did not reveal details of the internal disagreements.
[“Engineers disagreed on damage, NASA says.” Orlando Sentinel, February 4, 2003, p Al & Al10.]

@  As tragic as the Columbia disaster is, it could have been much worse if debris had rained down on the
Dallas area, with its 3.5 million people, or some other heavily populated area in the shuttle’s path. Instead,
the majority of the pieces fell onto sparsely populated Nacogdoches county — population 59,000. But while
President Bush and NASA Administrator Sean O’Keefe expressed amazement that no one was struck by
debris, the thanks goes more to the prevailing winds and pure luck than any carefully planned NASA
trajectory. Until Saturday, very few people worried about the dangers a disaster on re-entry might pose to
those below. In Brevard County, officials are always “aware” that the shuttle is returning, but there’s no
specific plan for what to do if it crashes. [“Officials didn’t have debris plan,” Orlando Sentinel, February
4,2003,p Ad.]

@ On their first day back to work after the Columbia disaster, many residents of Florida’s space coast
sought comfort in the rhythm of typical life. From NASA engineers to local coffee-shop servers, they set
their resolve on doing the work that keeps this community going. At Kennedy Space Center, NASA
brought in 30 grief counselors to comfort the nearly 16,000 engineers, technicians and others for whom
shock was just starting to wear off, said Bruce Buckingham, an agency spokesman. “We’ve had Columbia
here since 1979. It’s more than an old car to us,” Busckingham said. “People have spent their entire
careers working on Columbia. Now they have to do something else.” Officials at the space center also
started planning for a Friday memorial service and held a closed-door meeting to boost worker’s morale.
Hundreds of NASA workers attended, others watched on a closed-circuit television. [“NASA’s workers
aim to carry on,” QOrlando Sentinel, February 4, 2003, p A7.]

€ The NASA engineer credited with writing a sharply critical 1997 report about damage to heat-resistant
tiles on the space shuttle Columbia said Monday that the report had actually been ghost-written by another
NASA writer. But Greg Katnik, a shuttle engineer who led the team that inspected the Columbia in
December 1997, stood by the accuracy of the report. The report said more than 300 of the shuttle’s fragile
tiles had been damaged by foam insulation that fell off its external fuel tank during liftoff from Kennedy
Space Center. The report, which summarized a formal 76-page inspection analysis that Katnik had
submitted to NASA, also said that more than 100 of Columbia’s tiles had to be replaced and called the
damage to the shuttle “significant.” But Katnik, a 20-year employee of Kennedy Space Center, said his
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formal analysis had been summarized and “embellished” by a NASA writer for NASA Quest, an agency-
run Web site aimed at schoolchildren. “It wasn’t meant to sound that dire,” he added. [“NASA worker
says 97 damage report not his, but is accurate,” Orlando Sentinel, February 4, 2003, p A10.]

@ A recurring launch phenomenon that NASA engineers never considered a fatal threat to their space
shuttles is now assumed to be the “root cause” of the loss of Columbia and seven astronauts. A chunk of
foam fell from the external tank during liftoff, struck the heat-shielding tiles on Columbia’s belly and
exploded into a cloud of tiny particles. Even NASA engineers’ worst-case analysis of the impact —a 2.6
pound piece of debris damaging a 7 by 30-inch swath of protective tiles, was deemed “no safety of flight
issue” on the mission’s 12" day. Video, photographs and documents from the Ice & Debris Team at
Kennedy Space Center shows the piece of foam hitting Columbia. That has spurred the intense
speculation, though NASA executives urged caution. [“Tank foam assumed ‘root cause’ of failure,”
Florida Today, February 4, 2003, p 1S & 4S.]

@ President Bush on Monday vowed to continue space exploration in the wake of the shuttle Columbia
tragedy, as Congress raised questions about whether cost overruns at other NASA programs hampered the
shuttle’s safety. “While we grieve the loss of these astronauts, the cause for which they died will
continue,” Bush said during an appearance at the National Institutes of Health in suburban Maryland on
Monday. “America’s journey into space will go on.” Earlier, Bush received a 45-minute briefing in the
Oval Office from NASA chief Sean O’Keefe. O’Keefe then met Monday night behind closed doors with
16 key congressional leaders. [“Bush vows to support space exploration,” Florida Teday, February 4,
2003, p 6S.]

@ The Bush administration’s vision of America’s future in space includes sending a nuclear-powered
robot spacecraft to Jupiter and parking a communications satellite in Mars orbit by 2009. Those are just
two programs highlighted in the budget request the National Aeronautics and Space Administration sent
Monday to Congress. The annual spending blueprint, prepared long before Saturday’s loss of shuttle
Columbia, seeks a 3.1 percent increase in total spending, which would bring the civilian space agency’s
budget to $15.4 billion. The Bush administration is expected to alter its spending priorities after the
investigation into the shuttle loss. [“New budget features Jupiter trip,” Florida Today, February 4, 2003, p
6S.]

February 4: The President and Mrs. George W. Bush joined NASA Administrator Sean O’Keefe in
paying tribute to the brave heroes of the Space Shuttle Columbia crew during a special memorial service at
the NASA Johnson Space Center in Houston. The ceremony honored NASA astronauts Rick Husband,
William McCool, Michael Anderson, Kalpana Chawla, David Brown, Laurel Clark, and Israeli astronaut
Ilan Ramon. This was a private ceremony for family members, friends, and invited guests along with
NASA employees and contractors. President Bush said the nation was “blessed” to have such men and
women serving the space program, and although NASA is being tested at this time, *“America’s space
program will go on.” [“NASA provides update about Columbia investigation,” NASA News Release #03-
051, February 4, 2003.]

@ At the direction of the President, the flags of the United States are flying at half staff at the Kennedy
Space Center today in honor of the seven astronauts who were lost in the Columbia accident on February 1.
KSC Daily News. (2003). Flags at Half Staff. Available E-mail: KSCDailyNews @kscems.ksc.nasa.gov
[2003, February 4].]

@ Credible reports of space-shuttle parts found as far west as California and Arizona likely indicate that
Columbia was breaking apart several minutes before it disintegrated over Texas, a NASA official said
Tuesday. NASA investigators headed to the San Jose, Calif., and Phoenix areas to check out sightings of
possible shuttle debris nearly 2,000 miles from the Texas and Louisiana debris fields where thousands of
orbiter pieces have been found. NASA also disclosed Tuesday that an Apache military helicopter flying
over Texas recorded images of the shuttle breaking up Saturday. That information has been sent to panels
investigating the disaster, officials said. Two aerospace experts said that finding pieces of the orbiter in
Arizona and California would bolster the agency’s leading theory: that damage to Columbia’s thermal
protection tiles during the Jan. 16 liftoff caused it to break apart as it returned home. Such a breakup, they
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said, could explain why Columbia’s computers were reacting wildly as the shuttle crossed the West Coast,
pitching it violently to stay on course as it sped toward its landing strip at Kennedy Space Center. In
Florida, investigators studied sea currents in the Atlantic Ocean in an effort to determine where heat tiles or
other parts that might have fallen off Columbia during its launch would have ended up. No tiles were
found. The retrieval effort, led by the Environmental Protection Agency and Texas National Guard
hazardous-materials specialists, crawled along. Only about 70 sites had been cleared by Tuesday night.
Search efforts include seven Army and Air Force Black Hawk helicopters, five horse-back search teams
and several groups on all-terrain vehicles. They are focusing on the more heavily wooded areas east of
Nacogdoches and Lufkin, where the bulk of human remains and crew-cabin debris has been found.
[“Debris points to breakup on West Coast,” Orlando Sentinel, February 5, 2003, p A3.]

@ A total of 288 prime contractors in Florida — 111 of them in Brevard County — can expect to take
direct hits from the grounding of NASA’s shuttle fleet. It remains unclear how long NASA would keep its
shuttle fleet grounded, but the effects will ripple far beyond the Space Coast, where 15,000 work at
Kennedy Space Center alone. A vendor list from Florida Space Authority shows the contractors who do
business with NASA, the U.S. Air Force and other government agencies, all of which could feel a financial
pinch. [“Shuttle grounding could slam contractors,” Florida Today, February 5, 2003, p 1S & 7S.]

€ While it is too early to put a price tag on the shuttle’s financial loss, it is clear NASA will bear the
brunt. And as a government agency, it cannot recover those costs because its property is not insured.
Neither can most of the universities and other entities with projects aboard, valued at between $30 million
and $40 million by one estimate. Overall, the loss will run into the billions. Columbia itself cost about $1
billion to build in the 1970s, and hundreds of millions more to maintain and upgrade, experts said. NASA
declined to comment on the expense. One insured piece on Columbia was Spacehab’s Research Double
Module, which carried more than 50 experiments. The module cost $100 million to develop, said Kimberly
Campbell, spokeswoman for Spacehab, a provider of commercial space services. She declined to give the
amount of coverage. [“Columbia not insured, cost falls to NASA,” Florida Today, February 5, 2003, p
7S.]

€ Cape Canaveral Air Force Station’s unmanned rocket launches will not be affected by the Columbia
accident, military and company officials said Tuesday. The unmanned-rocket program is worth up to
several billion dollars a year, with a local work force of close to 2,000 people. The only change to the
rocket launch schedule at the Air Force Station because of the Columbia accident is the rescheduling of
Friday's launch of a Boeing Delta 4 rocket to Monday, said U.S. Air Force Lt. Col. Mike Rein. The rest of
this year’s launch schedule is still the same, barring any routine schedule changes that come up, such as bad
weather, Rein said. [“Unmanned rocket programs continue,” Florida Today, February 5, 2003, p 7S.]

February 5: Deputy NASA Administrator Frederick Gregory will render honors to the crew of the Space
Shuttle Columbia at Dover Air Force Base in Delaware. The remains of the orbiter’s seven astronauts were
transported to Dover in flag-draped caskets. The seven astronauts - Commander Rick Husband (Colonel,
USAPF), Pilot Willie McCool (Commander, USN) and Mission Specialists Michael Anderson (Lieutenant
Colonel, USAF), David Brown (Captain, USN), Kalpana Chawla and Laurel Clark (Commander, USN),
and Payload Specialist Ilan Ramon (Colonel, Israel Force) - died Saturday when the Space Shuttle
Columbia broke up over the southern United States. The Charles C. Carson Center for Mortuary Affairs at
the base will prepare the remains for return to the families. Ramon's remains will be flown to his home in
Israel for burial. Final funeral arrangements for the crew are still to be announced. [*“Deputy Administrator
Meets Space Shuttle Columbia Astronauts’ Remains at Dover AFB,” NASA News Release #03-053,
February 5, 2003.]

€ Workers will reassemble the pieces of shuttle Columbia at Kennedy Space Center, said NASA’s
shuttle program manager Ron Dittemore. “Eventually our plan is to move the debris to the Kennedy Space
Center,” he said. Currently the debris from Columbia is being collected at Barksdale Air Force Base near
Shreveport, La. The first truckload of debris arrived there Wednesday. Officials have yet to determine
when it will be moved to KSC, where workers will lay out the pieces and reconstruct the orbiter. Dittemore
did not elaborate, but an obvious benefit of bringing the wreckage to Kennedy Space Center is that there is
a concentration of shuttle engineering mechanical expertise there. The shuttle is prepared for launch at
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KSC and there are thousands of employees who know the intricacies of the ship. Shuttle Challenger was
reconstructed at the Logistics Facility on Contractor Road after the Jan. 28, 1986, accident. After the
investigation, its remains were buried in a silo at Cape Canaveral Air Force Station. KSC has several other
spaces large enough to do this project, including the hangar built by Florida Space Authority designed to
house the X-33 vehicle, once thought to be a potential shuttle replacement before NASA canceled the
project. [“Brevard to be reassembly site,” Florida Today, February 6, 2003, p 1A.]

€ NASA is exploring the possibility that the shuttle Columbia was struck by a piece of debris or rock in
orbit, fatally wounding the spaceship, officials said Wednesday. In Washington, Michael Kostelnik, deputy
associate administrator for the shuttle and a retired Air Force major general, said the shuttle suffered some
sort of “anomaly” over California. What’s more, he said, the plasma draped over the spacecraft as it raced
over California changed colors at one point, suggesting that the craft may have struck an object, he said.
NASA engineers say they are weighing the possibility that the space shuttle’s heat-resistant tiles may have
been damaged by space junk or a tiny space pebble, known as a micrometeorite. The space agency has not
yet found any evidence that a collision occurred, but it is considering that scenario among many others as
investigators struggle to explain the disaster. [“NASA studies possibility of space junk role,” Florida
Today, February 6, 2003, p 2S.]

€ Despite gathering more than 12,000 pieces of debris from the shuttle Columbia, a NASA official said
Wednesday none of the pieces provides critical answers for why the shuttle broke up. “We do not have any
red-tag items,” said Ron Dittemore, shuttle program manager, referring to items engineers have identified
as crucial to the investigation into the cause. He said those items would include parts of the left wing, data
recorders and certain pieces of insulation and tiles. [“NASA: Search for crucial pieces coming up short,”
Florida Today, February 6, 2003, p 4S.]

@ In an effort to crack down on souvenir hunters, federal authorities Wednesday indicted two Texas
residents on theft charges and announced a brief amnesty period during which people who stole shuttle
debris could return the wreckage without fear of prosecution. The indictments and amnesty program are
aimed at encouraging people, or scaring them, into returning debris. The FBI has about 20 ongoing
investigations into shuttle debris theft. [“Feds indict two in theft cases,” Florida Today, February 6, 2003,
p4S.]

@ Union officials at Kennedy Space Center said Wednesday they are concerned the shuttle Columbia
disaster will result in layoffs, or at least the loss of overtime work for space center workers. Workers are
on edge about the situation, reminding some of the widespread job losses at the space center following the
1986 shuttle Challenger explosion. The space program employs between 14,000 and 15,000 workers
locally, including many who work in the shuttle program, according to NASA. Union officials said NASA
hasn’t said anything definitive about the potential for layoffs resulting from the Columbia disaster.
[*“Unions fear KSC layoffs,” Florida Today, February 6, 2003, p 6S.]

€ Security arrangements for families and dignitaries attending the space shuttle Columbia lift-off in
January will cost taxpayers $225,000, officials learned on Wednesday. The bulk of the expenses include
salaries for at Jeast 250 law enforcement agents and other logistical considerations in securing the crew
members’ families and nearly 300 Israeli citizens and dignitaries during their four-day stay in Brevard
County. The sheriff’s department deployed the law enforcement agents — including five SWAT teams and
10 motorcycle officers — in and around Kennedy Space Center in part because of worries over potential
terrorist attacks. NASA and Israeli embassy officials also requested the sheriff’s office get involved
because the families and dignitaries were going to stay in and around the Cocoa Beach area. The security
arrangements leading up to the Jan. 16 launch of Columbia were extraordinary. [“Jan. 16 launch security to
cost $225,000,” Florida Today, February 6, 2003, p 6S.]

€ NASA was repeatedly warned for years by safety panels and government auditors that extensive job
cuts put the shuttle program at risk, and the agency was told just three days before the Columbia disaster
that its work force was understaffed and under stress. Critics have long worried that the space agency has
risked lives by cutting too deeply, although there is no indication that work-force problems contributed
directly tot he loss of the shuttle and its seven-member crew Saturday. Since 1993, the National
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Aeronautics and Space Administration has sliced nearly 7,000 jobs, including oversight and other shuttle-
related positions at Kennedy Space Center. As far back as 1996, an independent panel of experts predicted
that continuing budget cuts could threaten shuttle safety. The report by the Aerospace Safety Advisory
Panel singled out KSC as the NASA center that would have the toughest time maintaining shuttle safety
while cutting workers. “KSC faces a management challenge of major dimensions if it is to maintain a work
force of sufficient size, skills and experience to achieve acceptable levels of safety,” the report stated. In
2000, the space agency was slammed with three major reports critical of its workforce troubles. “The large
reduction in NASA quality assurance inspectors for each shuttle is very disturbing,” concluded one
independent panel chaired by one of NASA’s own: Henry McDonald, former director of the Ames
Research Center. NASA maintains that staffing cuts never jeopardized shuttle safety and that the
reductions were made to eliminate redundant duties. [“Agency cuts risked lives, critics say,” Orlando
Sentinel, February 6, 2003, p Al & AS.]

@ Congress will open its hearings into the Columbia disaster on Wednesday, as lawmakers scramble to
figure out whether NASA needs an immediate infusion of money. Sen. John McCain, R-Ariz., said his
Senate Commerce Committee will open its investigation into the loss of the space shuttle Wednesday in a
joint hearing with the House science subcommittee on space. NASA Administrator Sean O’Keefe will
testify. Also next week, budget writers are expected to finish the spending plan for this year. Sens. Bill
Nelson, D-Fla., Kit Bond, R-Mo., and others are asking for extra money for the National Aeronautics and
Space Administration. Sen. Ted Stevens, R-Alaska, chairman of the Senate Appropriations Committee,
said he would give NASA more money if the Bush administration asks for it. [“Congress will join
investigations of Columbia disaster,” Orlando Sentinel, February 6, 2003, p A3.]

February 6: The next launch scheduled is the Galaxy Evolution Explorer (GALEX) aboard a Pegasus XL
rocket from Cape Canaveral Air Force Station March 25. The Pegasus is planned for ferry to CCAFS on an
L-1011 aircraft Feb. 18. GALEX is a NASA UV imaging and spectroscopic survey mission designed to
map the global history and probe the causes of star formation and its evolution over the ultraviolet range.
Following GALEX will be the launch of the Propulsive Small Expendable Deployer System (ProSEDS)
aboard a Delta II rocket March 29 from CCAFS. ProSEDS is a tether-based propulsion experiment that
draws power from the space environment around Earth, allowing the transfer of energy from Earth to the
spacecraft. [“Two NASA ELV launches from CCAFS in March,” KSC Countdown, February 6, 2003.]

€ Officials are making plans to add seven more names from the space shuttle Columbia to the memorial
built to honor America’s fallen astronauts. The Space Mirror Memorial, located at Kennedy Space
Center’s Visitor Complex, has never included the name of a non-U.S. citizen. The Astronaut Memorial
Foundation board members consulted with each other after the fate of the Columbia crew was known
Saturday to clarify that Israeli astronaut Ilan Ramon could be included. “He was flying with an American
crew on an American vessel,” said Stephen Feldman, president of The Astronaut Memorial Foundation. “If
he was flying with an American crew, then he is included.” The names from the Columbia disaster could
be added to the monument as early as this summer, Feldman said. A committee made up of former
astronauts, space program officials and crew members’ relatives will decide when to add the names and
where to add the names. Web posted. (2003). [Space shuttle: Names of Columbia’s astronauts will be
added to monument {Online]. Available WWW: http://www.naplesnews.com/ [2003, February 6].]

€ Launch photos that could have shed light on what brought about the loss of the space shuttle Columbia
and its crew will not help the investigation because they are too blurry, according to NASA. “It’s a
disappointment that the camera with the very best [launch] view turned out to be out of focus,” shuttle
flight manager Ron Dittemore said Thursday. “We’ve tried to look at alternate camera views, but we know
we’re not going to get the best view that we could have.” The shuttle, with seven astronauts onboard,
broke up over Texas during re-entry attempt on Saturday, shortly after experiencing high heat and air
resistance on its left side and wing. The possibility that a piece of external fuel tank foam struck and
damaged heat-insulation tiles on the shuttle’s left wing during launch as an early suspect. Web posted.
(2003). [NASA: Key launch pics not in focus [Online]. Available WWW: http://www.cnn.com/ [2003,
February 6].]
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@ High-resolution images taken from a ground-based Air Force tracking camera in southwestern U.S.
show serious structural damage to the inboard leading edge of Columbia’s left wing, as the crippled orbiter
flew overhead about 60 sec. before the vehicle broke up over Texas killing the seven astronauts on board
Feb. 1. According to sources close to the investigation, the images, under analysis at the Johnson Space
Center in Houston, show a jagged edge on the left inboard wing structure near where the wing begins to
intersect the fuselage. They also show the orbiter’s right aft yaw thrusters firing, trying to correct the
vehicle’s attitude that was being adversely affected by the left wing damage. Columbia’s fuselage and right
wing appear normal. Unlike the damaged and jagged left wing section, the right wing appears smooth
along its entire length. The imagery is consistent with telemetry. The ragged edge on the left leading edge,
indicates that either a small structural breach — such as a crack — occurred, allowing the 2,500F reentry
heating to erode additional structure there, or that a small portion of the leading edge fell off at that
location. Either way, the damage affected the vehicle’s flying qualities as well as allowed hot gases to flow
into critical wing structure — a fatal combination. It is possible, but not yet confirmed, that the impact of
foam debris from the shuttle’s external tank during launch could have played a role in damage to the wing
leading edge, where the deformity appears in USAF imagery. Web posted. (2003). [USAF Imagery
Confirms Columbia Wing Damaged [Online]. Available WWW: http.//www.spaceref.com/ [2003,
February 6].]

€@ With Columbia’s destruction, NASA must now operate with just three space shuttles, and officials
said Thursday they may be forced — as a last resort — to consider mothballing a spacecraft for spare parts
just to cobble together an abbreviated launch schedule. Many of the shuttle program’s original
manufacturers are long gone, and, even with warehouses full of parts at the Kennedy Space Center, there
are often a finite number of supplies available to maintain the fleet. Though it's happened less frequently in
recent years, engineers, faced with a dwindling pool of dated hardware, have been forced with some
regularity to take parts from one shuttle and use them in another to keep its launch schedule on target. That
process is known as “cannibalization.” Now there are just three space shuttle remaining — Discovery,
Atlantis and Endeavour — and NASA has no plans to build a new craft. [“Spare parts problem looms,”
Florida Today, February 7, 2003, p 2S.]

@ As the independent panel members arrived in Houston, NASA Administrator Sean O’Keefe told
reporters the government planned to revise the charter of the board to allow for additional members. The
new members, O’Keefe said, will likely be people without any “specific association or involvement with
NASA,” and will add new expertise and new “voice.” “This is to absolutely guarantee that we eliminated
any ambiguity as to the independence of this board,” O’Keefe said. “We want to be sure that we are not
eliminating any sort of possibilities of what could have contributed to this accident.” O’Keefe’s
announcement came after 16 House Democrats sent a letter to President Bush urging him to expand the
panel and its charter, which calls for it to answer to NASA, not to the President or congress. The
Democrats’ letter said the panel had the “appearance of non-independent board controlled by NASA.”
[“NASA to add more ‘voices’ to panel,” Florida Today, February 7, 2003, p 3S.]

@ At asolemn Washington memorial service Thursday for the seven astronauts of shuttle Columbia,
Vice President Cheney hailed the crew as courageous explorers bound not by faith or heritage, but by “the
great cause of discovery.” Many tributes will be made in the astronauts’ honor, Cheney told 1,700
mourners who gathered beneath the arched limestone pillars of Washington National Cathedral, but “their
greatest memorial will be a vibrant space program and new missions.” The vice president was one of
several speakers who vowed that the nation and its space agency would carry on, despite Saturday’s shuttle
disaster. During the 90-minute ceremony, Cheney, NASA Administrator Sean O’Keefe and Robert
Cabana, NASA’s director of shuttle flight crew operations, spoke of the great personal risks that all
astronauts have made to extend the reach of humans far beyond the Earth. The nave of the Northwest
Washington church was filled with members of Congress, NASA employees, family and friends of the
astronauts, military personnel and a sprinkling of people without title or close ties to the crew. [“D.C.
honors fallen crew,” Florida Today, February 7, 2003, p 6S.]

February 7: Those closest to the shuttle’s launches and landings shared a profound sorrow Friday over

Columbia’s seven fallen astronauts while celebrating their lives. Ominous, dark clouds rolled in as more
than 8,000 people sat or stood at the southern end of the 3-mile-long runway at Kennedy Space Center,
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where Columbia would have landed last Saturday. “This is the place where our space exploration dreams
take flight,” NASA administrator Sean O’Keefe said. “From here, seven courageous astronauts sailed to
the heavens on their daring adventure of exploration and discovery. This is where the great lives are
defined by great purposes.” The service centered on themes of family, the astronauts’ inspirational lives
and continued commitment to the space program. “With God’s help, we can endure this hardship and
begin once again to focus on the future,” said James Jennings, former deputy director of KSC and a NASA
official. Bob Crippen, Columbia’s first pilot, praised the ship’s accomplishments as a research vessel and
recalled its history as the oldest shuttle. A few drops of rain sent a wave of restlessness through the crowd,
but the sun brightened the stage briefly as Gov. Jeb Bush spoke. “We Floridians are so proud of this
place,” Bush said of KSC. Col. Jim Halsell, an astronaut who was the launch integration manager at KSC,
spoke of the bond felt by those who work with the astronauts. Some workers laid flowers on the landing
strip. For many, the most powerful moment of the ceremony came at the end, after a mournful rendition of
“Taps,” when astronauts flew four T-38 airplanes over the crowd. The airplane flown by Alan Poindexter
and Joan Higginbotham peeled away, the “missing man” in the formation, as spectators wiped away tears.
The jet engines seemed to echo forever, the sound reflecting of the clouds. [“’Hail Columbia’,” Florida
Today, February 8, 2003, p 1S & 3S.]

4 Former astronaut Robert Crippen, pilot of the shuttle Columbia for its maiden voyage in 1981,
remembered NASA's oldest orbiter today in a moving tribute before a throng of workers gathered on the
broad shuttle runway at the Kennedy Space Center. It was at that same runway that technicians, engineers,
family members and journalists gathered last Saturday to welcome Columbia and its seven-member crew
back to Earth after a successful 16-day science mission. But they waited in vain. Columbia was destroyed
just 16 minutes before its anticipated arrival when it veered out of control in the thin air 200,000 feet above
Texas. Crippen, who helped oversee NASA's initial response to the 1986 Challenger disaster, first flew in
space aboard Columbia on April 12, 1981, when he and Commander John Young rocketed away from pad
39A. More than two decades later, he delivered Columbia's eulogy, struggling to keep his emotions in
check as he remembered the shuttle and its fallen crew. "We're gathered here this morning to honor and
salute the Columbia crew and mission STS-107," he said. "The grief in the hearts of the crew’s families and
the entire NASA family, which includes all of our contractor community which supports the agency, is
very heavy. Still, this crew lived lives that deserve our celebration. Yes, they were cut short. But these
brave men and women lived their lives to the fullest doing much more in their time here on Earth than
many can imagine. Words at a time like this seem weak. They don't fully communicate the depth of our
feelings. The NASA family speaks much clearer with actions. The action that is being taken to find the
cause of the accident, correct it and continue the crew's journey of discovery in space is the grandest tribute
that we can pay to them. I'm certain that is what they would have wanted. It is fitting we are gathered here
on the shuttle runway for this event,"” Crippen said. "It was here last Saturday that family and friends waited
anxiously to celebrate with the crew their successful mission and safe return to Earth. It never happened.
I'm sure that Columbia, which had traveled millions of miles and made that fiery re-entry 27 times before,
struggled mightily in those last moments to bring her crew home safely once again. She wasn't successful.
Columbia was a fine ship. She was named after Robert Gray's exploration ship, which sailed out of Boston
Harbor in the 18th century. Columbia and the other orbiters were all named after great explorer ships,
because that is their mission, to explore the unknown. Columbia was hardly a thing of beauty, except to
those of us who loved and cared for her,” Crippen said. "She was often bad mouthed for being a little heavy
in the rear end. But many of us can relate to that. Many said she was old and past her prime. Still, she had
only lived barely a quarter of her design life; in years, she was only 22. Columbia had a great many
missions ahead of her. She, along with the crew, had her life snuffed out in her prime. I was here at the
shuttle runway in March of 1979 when Columbia first arrived at the Kennedy Space Center. She came in on
the back of a 747 escorted by Deke Slayton in a T-38. She certainly wasn't very pretty at that time. A large
number of her tiles had not been installed and many that had were not adhering very well. KSC
management made a fairly unpopular statement at the time, that it was going to take several years to get her
ready to fly. They were right. Readied for launch by the loving care of the Kennedy team, the same care
they've given to all 28 of her flights, she was finally ready to fly in April 1981. John Young and I were
privileged to take her on that maiden flight. She performed magnificently, the world's greatest electric
flying machine was what John described her as. Because she was a little heavy, she didn't get some of the
more glamorous missions. But she was our leader in doing science on orbit. Just as she was doing with this
crew in Spacehab on mission STS-107, microgravity scientific exploration was her bag. She carried
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Spacelab numerous times, studying materials processing, life sciences, all of which were focused on giving
us a better life here on Earth. Columbia also helped us better understand about the heavens and understand
the origins of the universe with several missions, including Astro, also deploying the most advanced X-ray
observatory every built, the Chandra X-ray Telescope, and by her very recent Hubble Space Telescope
servicing mission. Just as the crew has, Columbia has left us quite a legacy. There's heavy grief in our
hearts, which will diminish in time, but it will never go away and we will never forget,” Crippen said. "Hail
Rick, Willie, KC, Mike, Laurel, Dave and Ilan. Hail Columbia.” Web posted. (2003). [‘Hail Columbia’
[Online]. Available WWW: http://www.spaceflightnow.com/ [2003, February 7].]

€ NASA's Kennedy Space Center (KSC), Fla., has awarded the University-affiliated Spaceport
Technology Development Contract (USTDC) to the ASRC Aerospace Corporation of Greenbelt, Md. The
contract is a cost-plus award fee/incentive fee performance-based indefinite delivery/indefinite quantity
(ID/IQ) contract. The contract features a four-year, seven-month basic period of performance beginning
March 1, 2003, with five one-year options for a potential nine-year seven-month contract term. The basic
contract's estimated cost is $220 million with a potential value of $600 million over the entire period
inclusive of the five one-year options. Under the contract, ASRC Aerospace, along with their USTDC
partners; Swales Aerospace, Beltsville, Md.; Sierra Lobo, Inc., Milan, Ohio; and the University of Florida,
Gainesville, Fla., will provide non-routine engineering development products and services to operational
customers performing processing, launch, landing, and range activities at KSC. ASRC will perform applied
research and development functions to meet future technology challenges. The work will be performed at
KSC and at NASA facilities located on Cape Canaveral Air Force Station, Fla. ASRC Aerospace is a
wholly owned subsidiary of the Artic Slope Research Corporation, Barrow, Alaska. [“NASA Awards
Spaceport Technology Development Contract,” NASA News Release #c03-003, February 7, 2003.]

February 8: When the government made the historic decision in 1996 to turn over the day-to-day
operations of its space shuttle fleet to a private company, perhaps the most critical task it faced was crafting
a contract that would balance efficiency with safety. NASA officials decided the best way to meet that
challenge was to link the goals to something a business would be sure to understand: money. There were
bonuses for a safe return of the ship and rewards for coming in under budget. There also were penalties for
problems -- aborting a mission on the launch pad would cost the company $3 million, a cancellation after
the craft was already in the air, $5 million. A "catastrophic loss," defined as an incident that resulted in the
loss of crew or the orbiter, would cost the company six months' worth of fees if the contractor were found
at fault. For the period the Columbia flew, those fees total about $42 million. The partnership between
NASA and United Space Alliance, a joint venture between Lockheed Martin Corp. and Boeing Co. based
here, was meant to revitalize the space program amid budget cuts and criticism that the agency was
becoming a bloated bureaucracy. "Faster, cheaper, better" was the motto of the day. And through its
contract with United Space, NASA boasts that it has cut the size of the shuttle workforce by one-fourth and
reduced the average cost per flight from $600 million to $400 million. The original six-year contract was
renewed in October 2002 for another two years. Web posted. (2003). [Bonuses for A Safe Return, Fees for
Loss of Mission [Online]. Available WWW: http://www.washingtonpost.com/ [2003, February 8].]

@ Investigators are studying military radar data that could show a small object coming off shuttle
Columbia the morning after its Jan. 16 launch. The data could mean Columbia was hit by space debris in
orbit. Or the object could be frozen wastewater that is routinely dumped from the shuttle. Analysts are
considering all possibilities. “I can confirm NASA is aware of the data and is looking at it,” agency
spokesman Kyle Herring said, “but it’s very preliminary.” NASA reportedly received the information only
recently from the Air Force. The Colorado-based Air Force Space Command monitors more than 9,000
pieces of orbital space junk. The shuttle routinely alters its flight path to avoid possible collisions but has
been nicked by small pieces of debris in the past. Engineers are checking flight data from Columbia’s
mission for any signs of a possible impact. [“Radar tracked object close to shuttle,” Orlando Sentinel,
February 9, 2003, p A29 & A34.]

& Search crews have recovered what may be the door to a wheel well of space shuttle Columbia,
authorities said Saturday. The 300-pound piece, 6 feet by 8 feet long, is one of the largest objects
recovered in recent days in the east Texas search area where much of the shuttle debris fell. Nacogdoches
County Sheriff Thomas Kerss said the piece was taken to the Nacogdoches County Expo Center, a rodeo
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venue now being used as a collection site for wreckage that eventually will be transported to Kennedy
Space Center. Kerss said searchers also found some computer parts. NASA workers have joined the
recovery effort to judge the significance of the pieces being found, he said. [“Columbia part might be door
to wheel well,” Orlando Sentinel, February 9, 2003, p A33.]

@ The first pieces of space shuttle Columbia should return to Kennedy Space Center by the middle of
this week, completing a journey that began Jan. 16 when the orbiter launched from Florida, NASA said
Saturday. “The first pieces are almost ready to ship, and Kennedy is preparing a facility for them,” NASA
spokesman Dave Drachlis said. While engineers in Florida will examine the wreckage for clues, experts at
Johnson Space Center in Houston are studying computer data and amateur and military photographs and
video of Columbia’s path. [“Shuttle pieces should return to KSC by middle of week,” Orlando Sentinel,
February 9, 2003, p A34.]

@ A three-day amnesty period to turn over looted shuttle debris brought in hundreds of pieces of the
shattered Columbia, but officials said Saturday that people are still illegally hoarding the debris and at least
nine could soon face charges. “We’re down to nine investigative complaints turned over to a U.S. attorney
in Lufkin,” Nacogdoches County Sheriff Thomas Kerss said Saturday. Sheriffs in other counties said they
had received tips about possible looting as well. [“People still hoarding debris, police say; charges to
come,” Orlando Sentinel, February 9, 2003, p A34.]

€ Spending caps and management weaknesses combined to stretch NASA’s space shuttle program to the
limit during the 1990s. Lawmakers, experts from the General Accounting Office, NASA’s own safety
advisory panel and even an independent commission sounded multiple warnings that the aging shuttle fleet
needed help. While NASA officials studies and acknowledged these warnings, the agency stressed safety
was always its top concern and a flat budget and diminished work force were not compromising the lives of
the crews. “I can tell you as a matter of fact that the issue of safety in NASA has always been No. 1,” said
Michael Kostelnik, deputy associate administrator for the space station and shuttle programs. Safety, he
said “is the top goal in the shuttle program: Fly safe, meet the mission, improve the orbiter.” Former
NASA Administrator Dan Goldin optimistically reported to Congress that the shuttle was costing less,
gaining in safety and becoming more efficient in the hands of contractors whose numbers were far smaller
than the teams of civil servants who had once worked on the 90-ton orbiters. In 1996, the shuttle program
stopped changes to the orbiters’ design so scarce resources could be focused on developing a next-
generation vehicle, former astronaut Bryan O’Connor told a congressional panel in September 2001. He is
now a NASA associate administrator and a participant in the Space Shuttle Mishap Interagency
Investigation Board. The design freeze was lifted in 1997, but the $100 million a year NASA earmarked
for shuttle improvements was enough for only minor enhancements. Constant cost overruns and schedule
delays in the $30 billion International Space Station program bled the agency’s attention and resources.
Last year, it became clear NASA had no workable shuttle replacement on the drawing board and that the
aging orbiter fleet would have to remain in service until at least 2015. NASA managers were confident the
shuttle was safe. Since then, NASA has approved the Space Shuttle Service Life Extension Program, an
effort to refine more than 300 possible shuttle improvements and produce a blue-print for modernizing the
remaining shuttles so they can operate safely through at least 2015. [“NASA stretches safety budget,”
Florida Today, February 9, 2003, p 1A & 2A.]

@ The shuttle Columbia disaster hasn’t changed attendance much at Kennedy Space Center Visitor
Complex, except for the thousands who have visited the park’s astronaut memorial. Attendance slumped
earlier last week, but currently is running about the same as it was during the same time last year, said Dan
LeBlanc, chief operating officer for Delaware North Parks Services of Spaceport, the company that
manages the complex for NASA. Thousands of people have visited the Space Mirror last week in the wake
of the Columbia disaster, including many who have left flowers and written messages in a book left at the
memorial so visitors can pass on their thoughts about the tragedy, LeBlanc said. On Feb. I, the day the
Columbia and its seven-member crew perished, Delaware North allowed people into the park at no change,
but has since resumed it regular admission fees. [“Turnout steady at Visitor Complex,” Florida Today,
February 9, 2003, p 4A.]
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@ The contractor that handles day-to-day operation of the space shuttle fleet is protected from lawsuits
under an agreement that could leave NASA footing any of the contractor’s liability from the Columbia
accident. NASA indemnified the United Space Alliance from third-part claims to avoid the high cost of
insurance, alliance spokesman Mike Curie said Friday. The alliance — which consists of Lockheed Martin
and Boeing — doesn’t carry any additional liability insurance to cover those risks, he said. “The Columbia
tragedy would be covered by this indemnification,” Curie said. That means NASA — funded largely by
taxpayers — would probably cover any damages awarded to the Columbia astronauts’ families. However, if
the alliance was found to have committed gross negligence or to have otherwise failed to do what NASA
instructed, it could be liable, said William Maready, a North Carolina attorney who sued on behalf of an
astronaut’s family in the 1986 Challenger disaster. Most of the Columbia astronauts were federal
employees, so their families cannot sue the federal government. It is unlikely that the government could
successfully extend that immunity from lawsuits to the contractors it indemnified, Maready said. [“Lead
shuttle contractor has shield from lawsuits,” Orlando Sentinel, February 9, 2003, p H2.]

February 9: Space shuttle Columbia investigators Sunday continued to debate whether the ill-fated shuttle
might have been struck by a piece of space debris or a micro-meteorite. More than a week after Columbia
disintegrated upon its return to Earth, investigators were still searching for answers, and thousands of
workers were still scouring the ground in search of the shuttle’s remnants. Some of the most recent debate
about what happened to Columbia has focused on radar data. Air Force radar picked up something in the
shuttle’s vicinity just 24 hours and 20 minutes after its Jan. 16 launch. It was traveling about 11 mph and
reportedly was tracked for two days before it was thought to have re-entered Earth’s atmosphere. “We’re
looking at it. Right now it is just a piece of very raw data,” said NASA spokesman Allard Beutel. There
had been earlier speculation that the object could have been wastewater, which is periodically ejected from
the shuttle. However, NASA spokesman Rob Navias said Sunday that Columbia had no scheduled water
dumps by that point in the flight. Engineers are checking data from the shuttle’s flight-control systems for
signs of anything that may have impacted the shuttle and might have gone previously unnoticed. Still
under consideration is whether foam from the insulation on the external fuel tank broke off and damaged
the shuttle’s delicate heat-protection tiles. [“Space-debris possibility spurs debate,” Orlando Sentinel,
February 10, 2003, p Al & A10.]

€ Despite questions about the independence of a panel assigned to investigate the space-shuttle disaster,
members of the investigation board said during the weekend that they will not be influenced by NASA.
Some even question whether the agency has too hastily narrowed its investigation. Some members of the
Columbia Accident Investigation Board also distanced themselves from earlier suggestions by NASA
officials that particular theories — such as foam insulation hitting a wing — had been ruled out. “NASA may
rule out something,” the head of the board, retired Navy Adm. Harold Gehman, said. “But they may have
to prove it to us. We’re approaching it from a different point of view. Not only do we have to pursue the
likely causes, but we have to pursue the unlikely causes.” Gehman said the board will rely heavily ona *
team of non-NASA experts — academics, engineers, metallurgists, even lawyers — to double-check any
questionable findings from the space agency’s own investigators and engineers. The panel was to
reconvene in Houston on Sunday night for what is likely to be months of intensive investigation. [“NASA
won’t influence us, Columbia panel members say,” Orlando Sentinel, February 10, 2003, p A9.]

February 10: Five days before Columbia's disastrous landing attempt, shuttle flight controllers called an
engineer at NASA's Langley Research Center asking what might happen if the orbiter tried to land with flat
tires or excessive heat in one of its landing gear wheel wells. The inquiry on Jan. 27 from Johnson Space
Center came after mission managers decided a chunk of foam falling from the external tank had not
damaged heat-shielding tiles enough to pose a flight safety issue. The talks, which were confirmed
Monday by officials at three NASA centers, centered around whether damage to the thermal protection
system could cause excessive heat inside the wheel well, damaging the landing gear or deflating tires.
Langley replied that excessive heat in the wheel well could deflate the tires or prevent the gear from
deploying at all. The question came from a group of flight controllers who watch over landing gear and
tires. Johnson Space Center spokesman James Hartsfield said they were wondering whether the analysis
being used in Houston was incorrect. He said that did not mean the flight controllers disagreed with any
final decision about whether the foam could have damaged the orbiter and noted they did not take any
action based on what they heard back from Langley. "We train all flight controllers to be devil's
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advocates," Hartsfield said. "We train them to look at every possibility." The final decision about whether
the foam could have seriously damaged the orbiter was noted in a mission management report dated Jan.
28, but Hartsfield said the controllers called Langley after the decision was made. If Hartsfield is correct,
that would indicate at least some flight controllers were still wondering about the potential consequences.
In two reports during the 1990s, university researchers warned NASA that tiles in the area of the landing
gear wells were among those most susceptible to failing and, if they did fail, posed the greatest risk of
losing an orbiter. The Johnson controllers called on Langley because the Hampton, Va., center does testing
on the shuttle landing gear, tires and thermal protection system. The latter tests include use of a special
high-temperature wind tunnel. [“NASA weighed re-entry risks,” Florida Today, February 11,2003, p 1A
& 4A]

€ Workers at Kennedy Space Center have marked a large grid in a hangar near the shuttle landing strip
to prepare for the arrival of Columbia debris Wednesday. Monday afternoon, in the echoing, nearly empty
hangar created for the yet-to-be-built successor to the space shuttle, lines of wide blue tape cut across a
yellow grid taped to the gray cement floor. The blue lines made eerie outlines of shuttle parts, in particular,
the wings. Readings from Columbia's disastrous entry into the atmosphere Feb. 1 showed a series of
failures on the left wing. Investigators will reconstruct three layers of that wing, including the thermal
protection system -- the tiles were potentially damaged when the shuttle lifted off Jan. 16. Each wing has
three reconstruction areas marked on the hangar floor. There's also an area for fuselage parts in the 50,000-
square-foot hangar, which chief shuttle contractor United Space Alliance rents from the Florida Space
Authority. The panel of outside investigators looking into the disaster will get its first look at the facility
Wednesday, when the first loads of debris are expected by truck, a KSC spokesman said. The pieces will be
laid out at KSC, but the inquiry board has done little review of the shuttle parts that are being retrieved in
east Texas. Instead, board members are getting a crash course about the shuttle in hopes of explaining why
data from the orbiter's left wing and landing gear showed abnormally high temperature readings and sensor
failures before Columbia disintegrated 40 miles above Texas, just 16 minutes before a planned landing in
Florida. Left-wing temperature readings were lost three minutes before mission control lost communication
with the seven astronauts at 9 a.m. Feb. 1. After checking out Kennedy Space Center, the accident
investigation board will visit Marshall Space Flight Center in Huntsville, Ala., where space shuttle engine
and propulsion technologies are developed. It's NASA's lead center for developing space transportation
systems. [“Shuttle debris head to KSC,” Florida Today, February 11, 2003, p 4A.]

€@ NASA officials confirmed Monday that a piece of wing recovered last week from Columbia came
from the shuttle's left side, adding potentially critical insight to the investigation. Administrator Sean
O'Keefe said the first truckloads of debris are heading to Kennedy Space Center, where investigators will
attempt to re-assemble the ship and search for clues. The pieces should start arriving Wednesday. O'Keefe
stressed that NASA has "no favorite theory" for the cause of the Feb. 1 accident that killed seven
astronauts. He said everything remains on the table as an independent board takes over the investigation.
NASA's chief also defended that group -- the Columbia Accident Investigation Board -- which has been
criticized as being too close to the space agency. O'Keefe said the board, now setting up shop in Houston,
will do its job without influence from the space agency. "I think it's going to give us a fighting chance of
coming up with a judgment that is unbiased and uncluttered," he said. Meanwhile, the wing segment may
prove crucial to the investigation because rising temperatures and loss of sensors indicate that Columbia’s
troubles started in the left wing. It is the same region where a chunk of foam insulation from the external
tank came crashing down during Columbia's launch Jan. 16, leading to speculation that the foam may have
damaged some of the shuttle's heat-protective tiles. [“Officials confirm recovered wing piece is from left
side,” Orlando Sentinel, February 11, 2003, p A8.]

@ The Air Force has closed the Eastern Range along Florida's Space Coast for the next four weeks to
replace key computer systems as the next step in a $1 billion modernization program. As a result, no
rockets will lift off from Cape Canaveral Air Force Station or Kennedy Space Center until the work is
done, said Bob Fore, executive director of the Eastern Range for the 45th Space Wing at Patrick Air Force
Base. "We're replacing the heart of the command and control system that we use to monitor the flight of
the launch vehicles and to perform the public safety mission,” Fore said. The Eastern Range is managed by
the Air Force and describes the area a rocket launching from the Cape flies over on its way into orbit.
Tracking stations along Florida's Atlantic coast and on islands downrange follow the progress of the launch
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and stand ready to destroy the booster should it fly off course. At the same time, the range takes data
radioed from the rocket and helps transfer it back to mission managers for analysis during and after the
flight. Planned long before the Feb. 1 loss of shuttle Columbia, the range closure means that several
missions nearly ready to fly won't be able to get off the ground until at least March 4. Web posted. (2003).
[Eastern Range Shut Down for Upgrades Through March 4 [Online]. Available WWW:
http://www.space.com/ [2003, February 11].}

February 11: The independent board conducting an inquiry into the Columbia disaster will examine the
"larger organization" to see if NASA is "managing a safe program,” the panel's chairman said Tuesday.

The shuttle accident board's 11 members met with the news media for a formal news session for the first
time Tuesday at Johnson Space Center in Houston. The panel members are set to tour Kennedy Space
Center today and Thursday. Some shuttle debris recovered from the disaster is expected to arrive at KSC
today from Barksdale Air Force Base near Shreveport, La. Board chairman Ret. U.S. Navy Adm. Hal
Gehman Jr. promised an unbiased probe, even if it means searching for answers in the offices of the
managers of NASA. The board also answers to NASA, but Gehman said supervisors and managers are "fair
game.” [“Board to probe overall safety,” Florida Today, February 12, 2003, p 4A.]

@ International Space Station Commander Ken Bowersox said Tuesday the "most likely extension” of
his crew's mission would be two to four months, a timeframe that coincides with a Russian Soyuz flight in
late April. The station's international partners are considering sending a two-person crew that would include
an American up on a Soyuz capsule to relieve the station crew, which has been in orbit since November.
That scenario is just one under consideration, NASA spokesman Rob Navias said. The United States would
not fund the mission, since the Russians were launching the Soyuz anyway as part of its ISS commitments,
he said. [“Station crew likely to stay 2-4 months,” Florida Today, February 12, 2003, p 4A.]

February 12: NASA Administrator Sean O'Keefe moved late Wednesday to quell criticism of a
commission investigating the Columbia disaster by giving it more independence. Earlier in the day, during
the first in a series of congressional hearings on the Columbia disaster, O'Keefe came under fire from
Republicans and Democrats for creating an investigating panel with too many ties to NASA and its leader.
Hours after he testified before a joint meeting of the Senate Commerce and House Science committees,
O'Keefe agreed to let the commission, led by retired Adm. Harold W. Gehman Jr., set its own policies and
decide how to release its results, instead of working through the National Aeronautics and Space
Administration. "NASA will do whatever it takes to ensure the integrity of the Gehman board as it works to
identify the cause of this horrific accident,” O'Keefe said. Lawmakers had complained that the
commission's report would be sent to NASA instead of directly to the public and that the board needed
NASA approval for its policies. Web posted. (2003). [O'Keefe makes probe more independent [Online].
Available WWW: http://www.orlandosentinel.com/ [2003, February 13].]

@ NASA has released transcripts from some of space shuttle Columbia's final radio transmissions,
chronicling the efforts of Mission Control engineers as they became painfully aware of the destruction that
was unfolding. In the conversations, released Tuesday, Mission Control reports a litany of problems that
seem to worsen by the minute as the shuttle breaks into pieces, killing all seven astronauts aboard. The first
bad news came when Jeff Kling, the maintenance, mechanical arm and crew systems officer, reported a
sudden and unexplained loss of data from spacecraft sensors. The assessment came in the final six or seven
minutes of the flight. "I just lost four separate temperature transducers on the left side of the vehicle, the
hydraulic return temperatures,” Kling said. Flight director Leroy Cain quickly asked if there was anything
common to the sensors and got bad news in reply. Kling said there was no commonality, suggesting there
was a general failure instead of a single system. Moments later, more bad news. Mike Sarafin, the
guidance and navigation officer, announces Columbia's wing is encountering drag, or increased wind
resistance. Cain, still hopeful, asks if everything else is normal and Sarafin assures him, "I don't see
anything out of the ordinary." There is a short indistinct call from the spacecraft and, almost at the same
time, Kling says the landing gear tires have lost pressure. Capsule communicator Charlie Hobaugh then
addresses the spacecraft: "And Columbia, Houston, we see your tire pressure messages and we did not copy
your last. Columbia Commander Rick Husband's response -- "Roger, buh ..." -- is abruptly cut off. It is
8:59 a.m. EST (1359 GMT). In short order, flight controllers begin reporting a string of more problems.
There is evidence of small collisions on the tail, and signals are cut off from the nose landing gear and the
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right main landing gear. Then more sensors are lost and the drag increases to the left. Hobaugh begins a
series of radio calls to Columbia. There is no response as the minutes tick down toward a planned landing
at the Kennedy Space Center. "MILA (the Kennedy spacecraft communication center) is not reporting any
RF (radio frequency) at this time," says Bill Foster, a ground controller. "OK," says Cain, who then asks
hopefully when a radar signal was expected. "One minute ago, flight," comes the response from Richard
Jones, flight dynamics officer. The communication checks continue. So does the silence. A radar station
near the Kennedy center then says it is putting its radar in a ‘search mode.” "We do not have any valid data
at this time,” said Jones. He said there was a "blip" but it was bad data. Then a long pause, a silence of
despair. Then Cain says the final words, the phrase that marked the lack of hope: “Lock the doors.” This
meant nobody could leave Mission Control or even make phone calls. For the next several hours, the
engineers have to ignore the certain loss of the crew and store the data in their computers, finish reports and
then write personal accounts of what they saw, heard and did Feb. 1. Web posted. (2003). [NASA Releases
Tape of Final Mission Talk [Online]. Available WWW: http://www.space.com/ [2003, February 12].]

€ A NASA engineer weighed the possibility of a "catastrophic” failure resulting from extreme heat on
the shuttle Columbia's tires despite assurances days earlier that possible damage to insulating tiles near the
landing gear wouldn't imperil the crew. In internal e-mails released by NASA on Wednesday, one safety
engineer, Robert H. Daugherty, warned that extreme temperatures during a fiery descent could cause the
wheel to fail and the tire to burst inside Columbia’s wheel well. "It seems to me that with that much
carnage in the wheel well, something could get screwed up enough to prevent deployment and then you are
in a world of hurt," Daugherty wrote to officials at Johnson Space Center. He added that such an internal
blast "would almost certainly blow the door off the hinges or at least send it out into the slip stream --
catastrophic." Daugherty acknowledged his concerns were "over the top in many ways," but added that,
"this is a pretty bad time to get surprised and have to make decisions in the last 20 minutes."” He cautioned
in his e-mail, "I am admittedly erring way on the side of absolute worst-case scenarios, and 1 don't really
believe things are as bad as I'm getting ready to make them out.” Since Columbia's breakup over Texas,
senior NASA officials have expressed repeated confidence in conclusions by engineers at The Boeing Co.,
its contractor, that the shuttle could return safely despite the risks of damage to delicate thermal tiles on its
left wing that might have occurred on liftoff. In a congressional hearing Wednesday, NASA Administrator
Sean O'Keefe told lawmakers that during the 16-day mission, the space agency had no indications that
would suggest a compromise to flight safety. An internal assessment by Boeing experts on January 23 --
seven days after liftoff -- predicted "safe return indicated," even if the foam insulation that fell from
Columbia's external fuel tank had caused "significant tile damage." But NASA confirms that officials from
the Space Center called experts January 27 -- four days later -- at its Langley research facility in Hampton,
Virginia, to ask what might happen if the shuttle's tires were not inflated when it attempted to land. Web
posted. (2003). [NASA had worried about tire failure [Online]. Available WWW: http://www.cnn.com/
[2003, February 12].]

& The first pieces of the U. S. space shuttle Columbia arrived home at Kennedy Space Center on
Wednesday, 11 days after a catastrophic accident caused it to break up while reentering Earth’s
atmosphere. Two unmarked trucks drove through the gates at Kennedy about 9 a.m. with the first of some
15,000 pieces of the shuttle collected from a debris field that extended from Fort Worth, Texas, east to the
Louisiana border. Wing segments, a landing gear, a number of spherical fuel tanks and other debris were
unloaded into a shuttle hangar with more than an acre of floor space. The floor had already been marked
off by blue tape to receive the pieces and arrange them in something that resembled the configuration in
which Columbia flew. At the same time, members of the independent investigation board led by retired
Adm. Harold Gehman arrived to begin work there. Web posted. (2003). [First pieces of shuttle Columbia
arrive in Florida [Online]. Available WWW: http://www.alertnet.org/ [2003, February 12].]

4 Gathered in an empty hangar, a crew of several dozen workers sorted and cataloged the shuttle debris
in silence Wednesday, passing repeatedly under a banner bearing the words "We're behind you, Columbia."
They walked along the edges of an assembly area -- measuring 188 feet by 166 feet -- marked off on the
hangar floor, empty save for a dozen or so orange traffic cones telling workers where to put things. Resting
on each cone was a small white placard, bearing labels that included: Crew Module, Right Wing Lower,
Right Wing Tiles, Outboard Elevon RH. This was the crew's first day in what is expected to be a months
long process at Kennedy Space Center in which investigators will take more than 12,000 pieces, collected
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by search crews in Texas and Louisiana, and spread them across the floor of hangar J6-2466 in a quest to
figure out why. [“Shuttle workers are crucial to Columbia reconstruction,” QOrlando Sentinel, February
13,2003, p A19.]

February 13: NASA is still seeking help from the American public to supply video and still images of the
Space Shuttle Columbia on its return flight to Earth. There has been a great public response, but more
material will help the investigation of the Columbia accident. Columbia glided across the western U.S. just
before sunrise Saturday, February 1. The Shuttle flew just north of San Francisco around 6:50 a.m. PST and
broke up over eastern Texas around 8:00 a.m. CST. Any imagery, especially video, of the Shuttle's path
might aid the Columbia Accident Investigation Board in determining the cause of the accident. Media and
private citizens who have video or still images of Columbia's entry path are encouraged to send it to
investigators. [“NASA seeks help from sky watchers,” NASA News Release #n03-017, February 13,
2003.]

€  Preliminary analysis by a NASA working group this week indicates that the temperature indications
seen in Columbia's left wheel well during entry would require the presence of plasma (super heated gas
surrounding the orbiter during re-entry). Heat transfer through the structure as from a missing tile would
not be sufficient to cause the temperature indications seen in the last minutes of flight. Additional analysis
is underway, looking at various scenarios in which a breach of some type, allowing plasma into the wheel
well area or elsewhere in the wing, could occur. Other flight data including gear position indicators and
drag information does not support the scenario of an early deployment of the left gear. The search
continues for possible debris from Columbia in the western U.S., but as of early Thursday, no debris further
west than Ft. Worth, Texas has been confirmed as Shuttle-related. [“Statement by the Columbia Accident
Investigation Board: Thermal Analysis Shows Hot Plasma Possible in Columbia Left Wheel Well Area,”
NASA News Release #03-072, February 13, 2003.]

@ The remains of all seven members of Space Shuttle Columbia's crew have been positively identified at
Dover Air Force Base, Del. "We are comforted by the knowledge we have brought our seven friends
home," said Bob Cabana, Director of Flight Crew Operations at the Johnson Space Center. "We are deeply
indebted to the communities and volunteers who made this homecoming possible, and brought peace of
mind to the crew's families, and the entire NASA family," he said. The seven astronauts, Rick Husband
(Colonel, USAF), Willie McCool (Commander, USN), Michael Anderson (Lieutenant Colonel, USAF),
David Brown (Captain, USN), Kalpana Chawla, Laurel Clark (Commander, USN), and Ilan Ramon
(Colonel, Israel Air Force), died Saturday, Feb. 1, 2003, when the Space Shuttle Columbia broke up over
the southwest United States. Private memorial services for the crewmembers will take place

within the next few weeks. Burial services for Ilan Ramon took place February 11 in Israel. [“Columbia
Astronaut Remains Identified,” NASA News Release #03-070, February 13, 2003.]

€ While the Columbia investigation board continued its tour of Kennedy Space Center on Thursday,
shuttle program manager Ron Dittemore paid a visit, too. Dittemore met and spoke with KSC shuttle
workers and got a look at Endeavour, which is in the orbiter processing facility getting ready for its next
flight. He also went to the hangar at the Shuttle Landing Facility where Columbia debris is being
assembled. Dittemore is touring several NASA centers in the wake of the Feb. 1 accident that killed
Columbia's crew of seven. After the accident, he gave detailed briefings to the press, but now all
information is being released with the approval of the investigation board. The board, headed by retired
Navy Adm. Harold Gehman, split up Thursday to look at facilities including a shuttle launch pad and the
shuttle logistics depot, where parts are stored. Mike Leinbach, a veteran launch director now named
Columbia reconstruction project manager, showed the members around the reusable launch vehicle hangar,
where several pieces of debris have been placed on the reconstruction grid on the floor. The board
discussed how to process debris while protecting not only evidence, but workers, who might be dealing
with potentially hazardous materials. [“Investigation board, Dittemore tour KSC,” Florida Today,
February 14, 2003, p 4A.]

February 15: It's a photo that's been viewed by millions -- a small white puff coming off the left
underbelly of the space shuttle Columbia 82 seconds after it lifted off the launch pad. The puff was a
doormat-sized piece of foam that had peeled off the external fuel tank and caromed off the orbiter at nearly
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500 mph. It could be the key to what caused Columbia to break into pieces in a fiery streak across the sky
when it tried to return to Earth two weeks later. But the government camera in the best position to record
the damage was out of focus and had been for weeks. Now, the two companies that operate the camera --
the ones to blame for the blurry photo -- either won't talk about it or blame the other partner. The camera is
operated by Johnson Controls Inc., which is based in Milwaukee. Company spokesman Darryll L. Fortune
said the camera worked fine. What failed, he said, was a 400-inch focal-length telescopic lens operated and
maintained by Computer Services Raytheon. Officials with that company would not comment. Vice
President Francis Shill in Cape Canaveral referred calls to a corporate spokesman, Mike Dickerson in El
Segundo, Calif., who on Thursday would not comment. The Air Force, the owner of the equipment, agrees
the problem was with the lens. [“Fuzzy shuttle image fuels dispute,” Orlando Sentinel, February 15,
2003, p Al6.]

@ Pieces from Columbia's left side, where a cascade of failures preceded the orbiter's destruction Feb. 1,
are among those now finding a place on the reconstruction grid at Kennedy Space Center. In the Reusable
Launch Vehicle hangar at the Shuttle Landing Facility, workers Friday were labeling and placing pieces
within outlines of the fuselage structure, lower fuselage tiles, three layers of each wing and other parts.

The debris is brought into the hangar after passing through a washing area outside. The pieces are
examined, labeled and numbered before they are laid out on the grid. Some debris still is in U-Haul boxes.
The smallest pieces are put in clear plastic bags and then in bins. Larger pieces, however, evoke memories
of the ship Columbia once was: the outer ring of a hatch; a fragment of frame from the windows where the
astronauts loved to gaze upon the Earth. Placed in outlines that denote layers of the left wing were a main
landing gear strut, a shaft that activates the rear elevon, part of a tire and part of the reaction control system.
The Columbia Accident Investigation Board left Kennedy Space Center on Friday morning with a promise
to return as early as next week to continue its work. "We are becoming aware of the size of the job," retired
Navy Adm. Harold Gehman, the chairman of the board, told reporters at the shuttle landing strip while the
board's plane prepared to depart for Marshall Space Flight Center. Because of the enormity of the task and
the need for more expertise, Gehman said the board likely will be expanded by one or two people. The
board is divided into three subgroups. At least some members are expected to come back next week to
follow up on technical discussions with workers involved in everything from materials to launches. The
investigators toured several facilities while they were at KSC, looking at all three remaining orbiters.
Atlantis is stacked with its boosters and external tank and is ready for rollout in the Vehicle Assembly
Building, while Discovery is undergoing a long-term overhaul and Endeavour is preparing for a future
flight. No flights are scheduled until the investigation is complete. "We wanted to see every rivet and every
joint, every wire and every sensor,” Gehman said. The investigators want to be able to visualize the parts
they've seen only on blueprints in Houston, Gehman said, particularly the shuttle's left wing. Citing
privacy concerns, he wouldn't comment in detail on how the astronauts' remains -- which have been
positively identified at Dover Air Force Base in Delaware, NASA announced Thursday -- will configure in
the investigation. They are yielding evidence, he said. "They are being scrutinized very carefully and
segregated from the rest of the debris,” Gehman said. He said board members approved the process for
handling debris from Columbia, which disintegrated over Texas while trying to land Feb. 1. The
investigators want specific tests performed on the pieces. One concern in the investigation is the impact of
a piece of external-tank insulating foam on the left wing's tiles during launch. NASA has a large body of
tests that already address the impact of foam on tiles, Gehman said, but the board could order more once it
sees more evidence. "This will depend on how much tile we collect,” he said. "The little bit of tile we have
picked up so far is unremarkable,” Gehman said. Meanwhile, NASA announced it will expand the board
by three members amid calls on Capitol Hill for President Bush to appoint a new panel to take over the
probe and report directly to him and Congress. Sheila Widnall, a Massachusetts Institute of Technology
aerospace scientist and secretary of the Air Force during the Clinton administration, is one of the three new
members who will be formally announced early next week, according to congressional sources. Widnall
confirmed Friday that she was joining the commission. Gehman told reporters that he intends to add experts
in areas including high altitude aerodynamics and thermal engineering and civilian government contracting.
[“Debris dots daunting grid,” Florida Today, February 15,2003, p 1A & 6A.]

@ The space shuttle Columbia fought to stabilize itself after losing contact with controllers on the

ground, NASA investigators said yesterday. Two control jets fired after Mission Control lost contact with
the shuttle, indicating that Columbia was plummeting out of control for as long as 15 to 20 seconds
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between the loss of contact with flight controllers and the shuttle's breakup, NASA investigators said. The
last voice communication from the shuttle's seven astronauts came as Columbia streaked across New
Mexico on Feb. 1. It is not clear whether the new information will help in the search for the cause of the
accident, but it means the seven astronauts may have had longer to understand what was happening. The
new information comes from 32 seconds of "junk” telemetry data that were transmitted after voice contact
was lost. The data were automatically discarded by NASA's computers as "junk.” NASA program officials
had said efforts to recover the data were proving more difficult than anticipated. Asked about the "junk"
data as he left New Orleans yesterday, retired Adm. Harold W. Gehman Jr., chairman of a panel
investigating the disaster, said "it's too early” to assess its meaning. A spokesman for the panel said he was
not aware that any conclusions had been reached about what the astronauts knew after losing contact with
controllers. The news came as NASA investigators also found a single tile 20 miles west of Fort Worth
yesterday, possibly providing insight into the early stages of the spacecraft's disintegration. Most wreckage
from the shuttle has been found in east Texas, primarily in rural Sabine and Nacogdoches counties, but
investigators have said pieces found farther west could provide evidence of what happened at the beginning
of Columbia'’s breakup. "It tends to confirm the visual evidence that we have that the orbiter was shedding
things before it got into the Fort Worth area,” Gehman said. "We have been looking hard, and this
encourages us to look harder." "We will look at it [the tile] and see if it holds any clues," said Steve Nesbitt,
spokesman for the accident investigation board headed by Gehman. The discovery was not a complete
surprise to NASA investigators. The search for possible wreckage in a two-square-mile area in the Sandia
Mountains of New Mexico turned up a beer can and sardine can, neither from the shuttle. Residents had
reported hearing a sonic boom and other noise indicating that wreckage might have fallen in the area. Web
posted. (2003). [Data Shed New Light On Shuttle Maneuvers [Online]. Available WWW:
http://www.washingtonpost.com/ [2003, February 16].]

FEBRUARY 16: Engineers are studying a thermal seal on shuttle Columbia’s left landing-gear door and a
possible hole in the left wing’s leading edge as the most likely places where superhot gases could have
breached the doomed ship during entry. Internal documents obtained from NASA’s Space Shuttle Vehicle
Engineering Office confirm investigators are focusing on those two areas to learn why Columbia broke up
over central Texas on Feb. 1, killing seven astronauts. Last week, NASA determined that hot gases, called
plasma, had not broken through the shuttle’s thermal-protection system somewhere to cause the 30 to 40
degree heat spike detected by sensors in the left landing gear’s wheel well. “The wing’s leading edge may
be the more likely candidate,” a Johnson Space Center manager close to the investigation said. “If there
was direct plasma flow into the wheel-well box, the wheel well might have heated up faster than it did.”
Vents are scattered throughout the inside of the wing structure to allow airflow and relieve pressure. One
such opening could let air move from inside the forward area of the wing back into the wheel well.
Another vent leads from the wing into the fuselage. Some NASA investigators theorize that the blow-
torchlike gases followed the airflow paths inside the wing, passing through vents, heating surfaces and
eventually eroding the shuttle’s wing structure from within. [“NASA looks at 2 spots for breach,”
Orlando Sentinel, February 17, 2003, p Al & Al5.]

@ Volunteers looking for debris from shuttle Columbia abandoned the Embudito Canyon in New Mexico
on Sunday after searching a 2-square-mile region of boulders and cacti and finding nothing. NASA
continues to investigate debris reports in New Mexico and other Western states, but no large-scale ground
searches are planned for now, officials said. [“New Mexico debris search turns up nothing,” Orlando
Sentinel, February 17, 2003, p A15.]

@ The picture taken of shuttle Columbia as it flew over New Mexico upon re-entry was actually captured
with a small telescope favored by amateur astronomers, a digital camera and a pair of flat mirrors used by
the U.S. Air Force. In the early morning of Feb. 1 as Columbia pointed itself toward the Kennedy Space
Center landing strip, Air Force researchers intended to test data that NASA had given them a few hours
before that required pointing their Questar telescope, with a 3.5 inch aperture, along a track that NASA had
predicted. This was the first time the Air Force Research Laboratory at Kirtland Air Force Base outside of
Albuquerque, N.M. had tried this. Their predictions were slightly off. They only got one picture because
they had to keep readjusting the mirrors. [“Telescope caught single image,” Florida Today, February 17,
2003,p 1A & 5A.]
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February 17: Recordings made by instruments sensitive to sound below the threshold of human hearing
may help investigators build a timeline of any uncharacteristic movements made by the space shuttle
Columbia minutes before it broke apart, scientists say. The instruments also captured an explosion high
over Texas that one scientist said could have been Columbia's cabin rupturing. As parts of Columbia began
to break off as the shuttle streaked across the West, the flight behavior of the normally streamlined
spacecraft would have changed. Those changes would have generated distinctly different patterns of sound
waves compared to previous shuttle flights. The patterns, recorded on the ground by instruments in Texas,
Nevada and elsewhere in the West, are now being examined as part of the Columbia disaster investigation.
Any abnormal patterns can help investigators establish the timing of events as the shuttle entered the
Earth's atmosphere February 1, said Keith Koper, a geophysicist at Saint Louis University in Missouri.
Investigators already know from sensor data sent from the shuttle in its final minutes -- supported by
eyewitness reports, photographs and video footage -- that Columbia’s cascade of problems began while the
spacecraft was still over the Pacific Ocean. The sensors indicated increasing heat as well as increased drag
on shuttle's left wing, suggesting it was somehow damaged, perhaps from the impact of a chunk of hard
foam that broke off the external fuel tank and hit the wing shortly after liftoff Jan. 16. Investigators have
said they suspect that data means Columbia was already dropping debris over the West, several minutes
and hundreds of miles before it broke apart high over Texas. Web posted. (2003). [Low sound waves to
help Columbia investigators [Online]. Available WWW: http://www.cnn.com/ [2003, February 17].]

@ Inareport to his bosses 17 months ago, space shuttle program manager Ronald D. Dittemore
expressed concern that the unconventional public-private partnership entrusted with overseeing shuttle
missions was nearing a breaking point. NASA was losing key staffers, those with engineering and other
technical skills. Meanwhile, more responsibility was being handed over to a single prime contractor, United
Space Alliance. Dittemore worried NASA was becoming too dependent on a company that it was unable to
properly oversee. "A different approach is required to sustain safe and successful operations for the next 20
years," he wrote in the Sept. 28, 2001, report. His concerns, and similar ones raised by the General
Accounting Office, NASA's own Aerospace Safety Advisory Panel and inspector general's office, were
bolstered by a number of close calls in recent years. On at least three occasions since 1999, the liftoff
countdown was stopped within days or hours of launch to recheck such things as paperwork and possible
wiring and other problems. In June 2002, a contract engineer discovered what NASA deemed "potentially
catastrophic” hairline cracks along some fuel lines, grounding the entire fleet for months. Among the
missions that were delayed was Columbia's ill-fated last, STS-107. The power-sharing relationship that
Dittemore found so problematic is still in place, and with the Feb. 1 space shuttle tragedy, the safety
implications about how NASA has privatized its operations, along with the staff and budget cuts that have
gone with it, remains one of the most troubling questions facing space agency administrators. Under a
management structure set up a little over six years ago, United Space Alliance, a partnership between
Lockheed Martin Corp. and Boeing Co., handles much of the day-to-day operations, with NASA input and
supervision. NASA may hire the astronauts, but at Johnson Space Center here, the contractors are in charge
of training the crew and drawing up flight plans. The contractors also dominate mission control, though the
flight directors and the "capcom" who talks to the crew in space are NASA employees. At Kennedy Space
Center in Florida, the shuttle and its launch facilities are owned by the federal government, and the
government has indemnified the contractor in the event of accidents. But it is corporate workers who
maintain and upgrade the shuttle, monitored by a limited group of NASA quality control inspectors. Itis a
system built on trust that the government says has streamlined the launch process, allowing NASA's 1,700
civil servants to concentrate on such things as general mission planning and administration and its more
than 17,000 contractors on more routine, mechanical tasks. NASA also relies on tens of thousands of
subcontractors. The disproportionately large contract workforce has meant that NASA has had to resort to
what it calls "insight" rather than "oversight" in managing its army of private industry employees.
Practically speaking, that means NASA mostly sets safety standards rather than being a constant physical
presence looking over a technician's shoulder on the repair shop floor, or redoing analyses by contractor
engineers. NASA and United Space Alliance have boasted about privatization's successes -- that they have
not only cut staff and costs but managed to increase several measures of safety at the same time. The
average number of in-flight problems, or anomalies, fell to six per flight in 1997-2002 from 20 per flight in
1988-1991. And the probability of catastrophic loss, a number that takes into account a variety of safety
factors, fell to 1 in 438 in 1999 from 1 in 78 in 1992. "All of the measures show quality and safety are
better today than ever in the history of the program,” said Michael McCulley, a former shuttle pilot who is
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chief operating officer of United Space Alliance. Web posted. (2003). [At NASA, Concerns on Contractors
[Online]. Available WWW: http://www.washingtonpost.com/ [2003, February 17].]

€ The space shuttle Columbia's last major overhaul -- the largest in the history of the program --
involved some components and systems now under suspicion in the investigation into the orbiter's final,
disastrous descent. No evidence has emerged linking the work performed on Columbia during the 17-
month refurbishment to the shuttle's breakup February 1. Columbia flew one successful mission after the
overhaul was completed in 2001. However, inspection and work records from that overhaul at the Boeing
Co. plant where the shuttle was built in Palmdale, California, may hold clues. Among the modifications to
NASA's oldest shuttle were increased protection from space debris and enhanced heat protection for the
leading edges of the wings. According to NASA, the spacecraft's aluminum frame also was closely
inspected for signs of fatigue or corrosion. It's not clear, and NASA officials could not immediately say,
what was found and how much repair work took place. The shuttle's first layer of protection, the fragile
reinforced carbon tiles, also were closely inspected and repaired or replaced where necessary. Disaster
investigators have said they believe a hole or gash allowed superheated gases to penetrate Columbia as it
entered Earth's atmosphere. They don't believe overheating detected in the left wing before the breakup
could have been caused simply by the loss of tiles. Other possible causes include space debris or the impact
of a piece of hard insulation that broke off the external tank shortly after launch. Web posted. (2003).
[Columbia’s final overhaul included increased thermal protection [Online]. Available WWW:
http://www.cnn.com/ [2003, February 17].]

FEBRUARY 18: The NASA charter for the independent panel in charge of the Space Shuttle Columbia
accident investigation has been amended. The changes allow the Space Shuttle accident investigation board
additional flexibility in acquiring support staff and expertise outside of NASA. NASA Administrator Sean
O'Keefe has indicated the charter will continue to be updated as necessary to ensure the panel, which is
known as the Gehman Board, remains independent during the course of the investigation. On Saturday,
Admiral Harold W. Gehman, Jr., announced the addition of Dr. Shelia Widnall of the Massachusetts
Institute of Technology, Cambridge, Mass., to the panel. Dr. Widnall, former Secretary of the Air Force
from 1993 to 1997, is a world-renowned expert in aircraft turbulence and spiraling airflows. She will begin
meeting with the other members of the Gehman Board Thursday, Feb. 20, in Houston. An updated copy of
the board's charter and letter from the NASA Administrator is on the Internet at www.nasa.gov. [“Space
Shuttle Accident Investigation Board Charter Amended,” NASA News Release #N03-019, February 18,
2003.]

€ A public poll carried out a week after the Columbia disaster finds widespread backing in America for
the NASA program. Support for NASA shuttle flights remains firm, the poll indicates, with three in four
citizens wanting the space agency's funding level to be maintained or increased. Support for NASA
funding was found to be somewhat higher than what was measured 3 years ago. A slim majority of
Americans favor a continued focus on human rather than robotic missions. The poll also shows that about
three in ten Americans would themselves like to take a space shuttle flight sometime in the future, slightly
fewer than wanted to be a shuttle passenger 12 years ago. The Gallup Organization of Princeton, New
Jersey carried out the poll in concert with CNN and USA Today, with the results released February 17.

" After the crash of the shuttle Columbia, many critics argued that the NASA space program was wasting
money and lives by focusing on manned flight, when unmanned missions were more cost-effective and did
not put human lives in danger," noted David Moore of the Gallup News Service. "But this argument has
not been widely discussed in the news, and for the most part, Americans lean more to what NASA has been
doing. By 52% to 37%, Americans prefer NASA's focus on manned rather than unmanned missions, not
much changed from a [Gallup poll] reading in November 1998," Moore reported. Other poll results show a
public wanting NASA to stay the course. Twenty-five percent of Americans would like funding for the
U.S. space program increased and another 49% would like it maintained at current levels. About one in
four Americans (24%) prefer decreased spending, including 7% who say spending should be ended
altogether. Women tend to be less supportive of NASA's piloted space missions, than are men. While men
support increasing over decreasing spending for NASA by 31% to 21%, women take the opposite tack by
28% to 19%. For both groups, about half say spending should remain the same. Why do women prefer
automated over human space missions? According to the Gallup poll, the difference is due primarily to
older women, among whom a majority support unpiloted over human missions. Majorities of younger
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women and of both younger and older men opt for the human missions. With the tragic end to Columbia in
their mind, those citizens polled were asked about future space passenger flight. About three in ten
Americans would like to take a space shuttle flight at some time in the future. This number is just slightly
below the 34% who expressed this desire in 1991, and the 38% who said that shortly following the 1986
Challenger explosion. Men are much more likely than women to want such an adventure, as are younger
more than older people. Both younger and older men are more likely to say they want to take a flight than
are the comparable groups of women. But clearly, as people get older, the appeal of space flight diminishes
-- despite the fact that former Senator John Glenn flew on a shuttle flight in 1998 at age 77. The latest
Gallup results are based on telephone interviews with 1,000 national adults, aged 18 and older, conducted
Feb. 7-9, shortly after the Columbia catastrophe. For results based on the total sample of national adults,
Gallup officials said, one can say with 95% confidence that the margin of sampling error is +3 percentage
points. In addition to sampling error, question wording and practical difficulties in conducting surveys can
introduce error or bias into the findings of public opinion polls. Web posted. (2003). [Poll: Despite
Accident, Support for NASA Still High [Online]. Available WWW: http://www.space.com/ [2003,
February 18 ].]

@ Unseen defects that cause orange foam to fall off the external tank could be spotted and repaired
before launch using a laser technology NASA has studied for a decade but never made part of its shuttle
inspections. Reports show that beginning in 1994, and possibly earlier, NASA engineers believed a
process called laser shearography "will reduce, if not eliminate the problems of debonding" of foam from
the tank. The Boeing Co. uses the technique to inspect similar foam insulation on its Delta 4 rockets
launched from Cape Canaveral. Investigators are trying to determine whether a briefcase-sized chunk of
foam falling from the external tank damaged Columbia's wing or heat shield, opening a path for superhot
gas to flow into and destroy the ship as it flew home to Earth on Feb. 1. "Reliable detection of flaws on the
external tank and solid rocket booster contributes not only to cost savings but also to the safety of those
who fly aboard the space shuttle," Kennedy Space Center engineer Chris Davis wrote in one report on the
project. Davis has recommended several times since the mid-1990s that the laser shearography technique
become part of the normal processing of the space shuttle before launch. Now, NASA relies on visual
inspections that simply can't detect tiny cracks, air pockets and weakened bonds hidden beneath the surface
of the inch-thick layer of hardened foam. The most recent report said NASA would develop
implementation plans for the technology as early as 2001, but as of this past mission, it had not become part
of shuttle processing. Davis' team reported near-perfect results with tests using the lasers. At the Michoud,
La., facility where the tanks are made by Lockheed Martin, company spokesman Harry Wadsworth said the
shearography technique was not used because it is not reliable and produced false positives. "In other
words, when it is OK, sometimes it tells us it's not OK. It indicates flaws where none exists sometimes,” he
said. Foam shedding from the tank is something NASA has wrestled with since Columbia's maiden voyage
back in 1981. [“Foam test neglected,” Florida Today, February 19, 2003, p 1A & 2A.]

@ Pieces were likely coming off Columbia as the shuttle approached the California coast during its re-
entry Feb. 1, but the debris may have burned up in the atmosphere, an investigator said. Film evidence
suggests pieces were coming off at that time, James Hallock of the Columbia Accident Investigation Board
said. He is working with the subgroup of the board dealing with technical analysis of the accident from
launch through the ship's disintegration over Texas. "Obviously, it's very important to understand what
those pieces are,” Hallock said at a press briefing at Johnson Space Center, because they came off at the
start of the orbiter's troubles that morning. NASA is asking ranchers as far west as California to keep an
eye out for debris, and more than 2,000 workers are combing Nacogdoches, Hemphill and Palestine, Texas,
according to the Federal Emergency Management Agency. The investigative board has dispatched a
representative to Kennedy Space Center to take photos of debris being assembled at the Reusable Launch
Vehicle hangar by the shuttle landing strip. Investigators are looking for any visual clues. "If there really
was superheating,” Hallock said, "then we should probably find issues of small droplets of metal."

It's not clear whether the main landing gear strut at KSC is from the left or right side of the orbiter, board
chairman Hal Gehman said. Investigators will take it apart bit by bit to try to identify it. About 2,600 of the
4,000 pieces at KSC have been identified, said Gehman, a retired Navy admiral. About 10,000 additional
pieces have been found. [“Shuttle lost some parts over Calif.,” Florida Today, February 19, 2003, p 2A.]

36



@ On February 18, 2003, Special Agents from the NASA Office of the Inspector General, working with
agents from the U.S. Border Patrol, arrested four alleged illegal immigrants working as contractor
employees inside a restricted area at the Kennedy Space Center/Cape Canaveral Air Force Station. The
U.S. Immigration and Naturalization Service will hold the alleged illegal aliens pending positive
identification and subsequent deportation proceedings. Assistant U.S. Attorney Roberta Tylke is

handling the case for the U.S. Attorney's Office, Middle District of Florida. [“Four Alleged Illegal Aliens
Arrested At NASA Kennedy Space Center,” Office of Inspector General News Release #2003-021,
March 4, 2003.]

FEBRUARY 19: NASA is asking citizens and officials in Arizona, Nevada, New Mexico, and Utah for
help to find material from the Space Shuttle Columbia. The material would have fallen from the Shuttle as
it was reentering Earth’s atmosphere along a line stretching generally from San Francisco to Lafayette, La.
Everyone is asked to be on the lookout for possible Shuttle material 60 miles north or south of the reentry
track, particularly in the following counties: Arizona: Apache, Navajo, Coconino, Mohave; Nevada:
Lincoln; New Mexico: San Juan, Kane, Beaver; and Utah: Washington, Iron, San Juan, Garfield. Anyone
who finds material, suspected to be from the Shuttle, is urged to avoid contact, because it may be hazardous
due to fuel residue. [“NASA Asks For Help In Arizona, Nevada, New Mexico & Utah,” NASA News
Release #n03-21, February 19, 2003.]

@ The military agency that tracks orbiting satellites and space debris with radar located an object
receding quickly from the shuttle Columbia about a day after it launched, NASA says. The object could be
space debris, a small meteor, a piece of the shuttle that had dislodged or nothing more than ice formed by
discharged wastewater. “At this point, we don’t know what it is,” said Eileen Hawley, a space agency
spokeswoman. “We’re just beginning to analyze the data, and eventually it will go to the investigative
board.” The Columbia Accident Investigation Board will examine the mission timeline to determine what
activities were under way on the shuttle at the time and whether the astronauts reported anything amiss,
said Hawley. They also will look at data from shuttle instruments that might indicate a vibration or other
change. As part of its tracking responsibilities, the North American Aerospace Defense Command at
Peterson Air Force Base, Colo., watches for orbital debris threats to the shuttles and the international space
station. If the radar suggests a collision with debris is possible, the astronauts maneuver the craft to avoid
it. Web posted. (2003). [Object seen falling near shuttle in orbit [Online]. Available WWW:
http://www.HoustonChronicle.com/ [2003, February 19].]

@ Searchers found Columbia’s nose landing gear next to a large reservoir where divers are looking for
more debris, NASA said Wednesday. The piece of debris, which a resident spotted Tuesday next to the
Toledo Bend Reservoir on the Texas-Louisiana border, is largely intact. The nose gear piece is about eight
feel long. Divers still are looking for what they hope is a large piece that fell into the reservoir Feb. 1,
when Columbia broke apart over Texas. Complicating the search is the murky 30-foot-deep water. One
tool searchers are using is side-scanning sonar. Divers last found a piece of the shuttle more than a week
ago, identified as part of the brake assembly for the orbiter’s landing gear. There also is an air search of an
area 240 miles by 10 miles and an extensive ground search involving about 3,500 people, spokesman Dave
Drachlis said. [“Searchers find nose landing gear intact,” Florida Today, February 20, 2003, p 1A.]

@ The orbital space plane, the successor to the shuttle, should be able to make a fast escape from the
International Space Station and rescue at least four people, according to new NASA requirements. The
vehicle, which could rescue astronauts and provide medical treatment if necessary, would launch on an
expendable rocket, according to guidelines announced this week. The system might include multiple
vehicles, with rescue capability by 2010 and, by 2012, the ability to take astronauts to and from the station
every four to six months. The rescue and transport vehicles are envisioned as different versions of the same
basic design. Compared with the shuttle, the new ship should be easier to prepare for flight, the guidelines
said, and have “increased launch probability” and “increased on-orbit maneuverability.” The space plane
would complement the shuttle fleet, NASA deputy administrator Fred Gregory said in announcing the
requirements. “This is an important first step in making the Integrated Space Transportation Plan a
reality,” he said. [“NASA requiring space plane to have transport, rescue ability,” Florida Today,
February 20, 2003, p 2A.]
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FEBRUARY 20: The final seconds of flight data from the space shuttle Columbia, transmitted even after
contact was lost with Mission Control, indicate that the crew members were likely aware they were in
serious trouble. For several days, experts at NASA’s Johnson Space Center have been immersed in the
highly complex process of reconstructing 32 seconds of data that were recorded by computers in White
Sands, N.M., but not displayed on the computer monitors in Mission Control. The data represent the final
transmissions from Columbia, which broke up over Texas on Feb. 1, killing all seven astronauts onboard.
The remaining three shuttles of NASA’s fleet have been grounded during the investigation of the tragedy.
Investigators have said Columbia’s final readings, transmitted as the shuttle was descending toward a
landing in Florida, were so corrupted that NASA’s communication system kept them from being displayed
at Mission Control. However, new analysis techniques have been used to interpret some of the corrupted
data, space analyst James Oberg reported. Bits of data show a leak in the shuttle’s Reaction Control
System. This system controls a series of small thrusters that were firing furiously in an attempt to stabilize
the orbiter. Other readings indicate a pressure drop in the left wing’s hydraulic system. Such a scenario
would have set off audible alarms in the crew compartment. The last readable part of the White Sands data
indicates that Columbia’s autopilot was still functioning, Oberg reported, which means the onboard
computers were still operating at that point. The corrupted data, which is still being analyzed, show no
indication so far of any voice communication from the crew in the final 32 seconds, he said. The data
would support the prevailing view that Columbia’s troubles began with a breach on the shuttle’s left side,
but they do not pinpoint the cause of the failure. Web posted. (2003). [Columbia’s final readings
deciphered [Online]. Available WWW: http://www.msnbc.com/ [2003, February 20].]

& The Columbia Accident Investigation Board (CAIB) Advanced Sightings Team is working to pinpoint
the location of hardware that may have separated from the Space Shuttle Columbia early in its final path
over the western United States. The team is bringing together data from the National Aeronautics and
Space Administration (NASA), the public, Department of Defense (DOD), Department of Energy (DOE),
the National Oceanic and Atmospheric Administration (NOAA), the United States Geologic Survey
(USGS) and all other sources of valuable information that become available. The collaboration of all these
organizations has been outstanding. The team is piecing together the information from these sources to
learn as much as possible about anomalous conditions during the entry of Columbia. Examples of
information that is being brought to bear are: On orbit photography and analysis- DOD; Radar searches-
DOD; Infrasonic data- DOE, NOAA; Tracking of possible on orbit object from Columbia 1/17/ 03 and
analysis- DOD; Launch Analysis- DOD; Identification of entry shedding events- DOD; Kirtland photo
analysis- DOD. This team is analyzing video footage turned in by space flight enthusiasts and other
sources of information to document exactly when these events occurred. The earliest shedding of Shuttle
hardware may well have been documented by videos taken near the California coast. The team identifies
anomalous events from the video data and correlates them to the entry timeline. Analysts calculate the
exact time and angles of the observation by determining exactly where the videos were taken from and by
identifying planets or star fields in the background. The team calculates trajectories to predict probabilities
of where the debris may have fallen to Earth by estimating properties of possible debris from the video and
incorporating known atmospheric and wind data. Radar data is then retrieved and investigated to search for
specific signatures. This process serves to drastically reduce the area that must be searched. [“CAIB
Advanced Sightings Team Status,” NASA News Release #03-078, February 20, 2003.]

€ Workers at Kennedy Space Center and other NASA sites are starting tests that might unravel the
mystery of what happened to shuttle Columbia's left wing. At Langley Research Center in Hampton, Va.,
NASA researchers are simulating hypersonic speeds on ceramic space shuttle models to duplicate the drag
and intense heating the left wing experienced before Columbia broke apart Feb. 1. "We are responding to a
request from Johnson Space Center to do these aeroheating tests,” Langley spokesman Keith Henry said.
At Kennedy Space Center, chief shuttle contractor United Space Alliance will have a role duplicating what
might have happened when insulating foam fell and struck the orbiter's wing during the Jan. 16 launch. A
senior official at KSC said there is a conceptual plan, but specifics aren't set. USA workers likely will
apply the tiles to a wing structure provided by NASA. The analysis could help to determine how damaging
the foam debris was to various areas on Columbia's left wing, an official said. The independent Columbia
Accident Investigation Board initiated the effort. Standards for such tests are still being established,
Johnson Space Center spokesman James Hartsfield said. Workers at contractor Dynacs at KSC have fired
foam at a shuttle tile to test equipment that could be used for a more formal experiment later. The test of the
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air cannon, pressurized with nitrogen, wasn't scientific. Researchers aim to accelerate foam to different
speeds and hit tiles at various angles to duplicate what Columbia might have experienced. Analysis during
the mission by NASA and its contractors used computer models to predict worst-case damage scenarios
after cameras spotted a chunk of foam, perhaps the size of a briefcase, striking the left wing. NASA and
the accident investigators said that super-hot gas somehow breached the wing days later during re-entry.

As they try to determine if the wing was damaged, the foam incident is being revisited. Spokesmen at
NASA headquarters and Johnson Space Center said the Dynacs tests are not yet connected with any official
investigation of the impact of foam on tiles. [“NASA, KSC begin tile, wing tests,” Florida Today,
February 21,2003, p 1A & 2A] :

@ Senate Congressman Dave Weldon got a look at the remains of the shuttle Columbia on Thursday.
"It's quite a sobering sight to see the debris,” said Weldon, R-Melbourne. The wreckage from Columbia is
being brought to a hangar at Kennedy Space Center to be identified and examined. Weldon used to
represent the space center, but because of recent redistricting, now represents the area south of KSC,
including Cape Canaveral Air Force Station. His district still includes many space workers. Weldon said
he supported the external investigation and that a separate presidential commission is probably not
necessary so long as the Columbia Accident Investigation Board, led by Adm. Harold Gehman, does a
thorough and open investigation. The House and Senate committees that oversee NASA have held joint
hearings about the Feb. 1 accident. "I thought it was a little early for Sen. (John) McCain to be holding
hearings," Weldon said. He also discussed continuing infrastructure issues at KSC with Center Director
Roy Bridges. Weldon said they discussed the leaky roof of the Vehicle Assembly Building, which is the
final staging area before the shuttles move out to the launch pads. Pieces of the roof are also falling into
work areas, he said. There has been talk around Washington of replacing shuttle Columbia. This could be
made difficult since there isn't an ample supply of spare parts for this technology. Weldon said he would
be more interested in speeding up development of the Orbital Space Plane, which NASA announced last
fall. He added that it would be possible to have the space plane flying in seven years. [“Weldon inspects
wreckage,” Florida Today, February 21, 2003, p 2A.]

FEBRUARY 21: The shuttle Columbia's fuselage remained essentially intact for at least a half minute after
the commander's final transmission, according to sources familiar with an ongoing analysis of the last 32
seconds of telemetry from the doomed spacecraft. The astronauts almost certainly had some awareness of
the unfolding disaster, but there is no insight at this point to indicate what they might have known, or when.
The telemetry data, radioed back to Earth 30 to 32 seconds after normal communications with Columbia
were interrupted 207,000 feet above Texas, indicate the shuttle's left wing was either gone or so severely
damaged by a catastrophic "burn through" that hydraulic lines leading to the wing's elevons and landing
gear had been severed or ruptured. That final burst of telemetry shows the orbiter's hydraulic power units,
or APUs, were still functioning, as were the ship's flight computers, navigation systems and its electrical
generators. But the data show no pressure in the triply redundant hydraulic power system lines running to
the left wing. The hydraulic fluid presumably was being pumped overboard following a structural failure of
some sort in the left wing. Whatever happened to Columbia began while the ship was descending over the
Pacific Ocean off the west coast of California. Engineers believe hot plasma ate its way into the left wing
because of a breach in the shuttle's thermal protection system. The exact location of the breach is not yet
known, but engineers are focusing on two areas: The leading edge of the left wing and the left main landing
gear door area. In any case, as Columbia’s descent continued the plasma burned through wiring, routed
around the wheel well, that led to sensors mounted near the rear of the wing. The plasma intrusion also
caused temperatures to rise dramatically in the left landing gear wheel well, triggering additional sensor
failures. Video and still photography shot by amateurs as far west as California show debris falling away
from Columbia as it streaked eastward across the southwestern United States. A team of NASA engineers
studying FAA radar tapes has identified at least two possible debris tracks, which are expected to greatly
narrow the search area for tiles or other material that might have fallen away from Columbia well before its
eventual breakup. Any such debris could prove critical for pinpointing where the plasma breach occurred.
Wherever it began, the breach ultimately caused unusual aerodynamic drag to develop on the left side of
the spacecraft, forcing Columbia's flight computers to adjust the shuttle's roll trim with the elevons, or wing
flaps, on each wing. Eventually, two right-firing rocket thrusters were ignited to provide additional muscle.
But it was a losing battle. Shuttle commander Rick Husband, replying to a call from mission control about
the loss of tire pressure data from Columbia’s left main landing gear, radioed Houston for the last time at
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8:59:32 a.m., saying "Roger, uh, (garble).” The transmission was cut off, but Husband's voice did not
indicate any apparent alarm. Shuttle program manager Ronald Dittemore said in the days following the
mishap that engineers were attempting to extract data from up to 32 seconds of telemetry received on the
ground after Husband's final call. The telemetry likely was transmitted continuously during that 32-second
period, but line-of-sight communications through NASA's Tracking and Data Relay Satellite were sporadic,
possibly because of the shuttle's changing orientation. Analysis of the telemetry that was received is not
complete. But officials say valid data continued flowing down for about five seconds after Husband's
interrupted transmission. During that five-second period, two more right-firing thrusters ignited on
command of Columbia’s flight computers, joining the two already in operation to counteract an increasing
aerodynamic drag on the left side of the vehicle. Following that initial five seconds of data, there are 25
seconds with no data at all. Then, in a final burst of telemetry between 9:00:02 a.m. and 9:00:04 a.m., data
showed Columbia's hydraulic power units were still running. The APUS are located in the aft engine
compartment and the fuel cells are under the floor of the cargo bay, showing the fuselage - from the aft
compartment to the crew module - was still essentially intact at that point. Analysis shows a "roll reference
message” was generated by the ship's flight computers at one point to alert the crew to problems
maintaining the shuttle's orientation. Whether that message ever reached a cockpit display is not yet known.
Web posted. (2003). [New data shows Columbia’s state in final moments [Online]. Available WWW:
http://www.spaceflightnow.com/ [2003, February 21].]

€ Congress and President Bush set aside $50 million to help NASA pay for its investigation of the
shuttle Columbia disaster. President Bush signed an omnibus bill into law Thursday. Congress added the
money shortly after the loss of Columbia on Feb. 1. The money may be used to cover the costs of the
investigation and also costs related to correcting problems with the shuttle or pay other unforeseen costs.
The law recognizes also that costs could exceed the $50 million and allows for NASA to seek additional
funding. The amount was set based on the general cost required to investigate the Challenger disaster of
1986. "We do not have a contingency for this,” NASA Comptroller Steve Isakowitz said. "It doesn't
represent an estimate from NASA." The overall cost of the investigation is unclear, but three other issues
remain in limbo from a budgeting standpoint: The recommendations that come out of the investigation;
How the investigation affects the space station program; Whether NASA should build a new shuttle to
replace Columbia or build an orbital space plane, which would serve as the follow-on to the shuttle.
[“NASA gets $50 million for shuttle investigation,” Florida Today, February 22, 2003, p 3A.]

€@ NASA officials confirmed late Friday that a piece of Columbia’s tile was found near Lubbock, Texas,
the farthest west debris from the space shuttle has been discovered. The piece of tile was found a week ago
by a man plowing his field about 40 miles northwest of Lubbock. NASA spokesman Kyle Herring said
Friday it was unclear what part of the shuttle the tile came from. Previously, no shuttle debris had been
found farther west than Granbury, near Forth Worth and about 300 miles east of Lubbock. [“Debris field
moves west,” Florida Today, February 22, 2003, p 3A.]

€ Before shuttle Columbia's fatal landing attempt, a NASA engineer complained in e-mails that the
agency was not paying more attention to problems that might occur during re-entry if the ship had suffered
a breach near its left landing-gear compartment. In a message dated three days before the Feb. 1 disaster,
the engineer told a co-worker at NASA's Langley Research Center in Virginia that his efforts to share his
concerns were being treated "like the plague.” He even suggests that others at NASA's Ames Research
Center in Mountain View, Calif., could run landing simulations in secret to see how the shuttle would
perform if both tires on its left side were damaged from excess heating. "Since no Orbiter Program
Management is 'directing’ the sim [simulation] community to do this, it might need to be done 'at night," "
Robert Daugherty wrote in e-mails made public by the National Aeronautics and Space Administration on
Friday. In addition to the e-mails, NASA also released three reports that show how the agency analyzed
the potential for damage from debris that hit the orbiter's left wing during its Jan. 16 launch. The debris
appears to be foam insulation from the outer layer of the shuttle's external tank. NASA now says that
Columbia may have been hit by three pieces of debris, though video evidence shows only that two of the
chunks actually made contact with the wing. Spokesman James Hartsfield in Houston said it's not clear
whether the pieces arose from a single chunk that separated into three, or are three independent segments
shed from the same area of the tank. In any case, Hartsfield said the number of pieces does not change the
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conclusion of the analysis, which was that any potential damage from the debris would not endanger the
ship. [“Engineer sent NASA e-mail on wing risks,” Orlando Sentinel, February 22, 2003, p Al & A9.]

FEBRUARY 23: It was 1979, two years before the first space shuttle would roar into space, but Bob
Sieck was curious and concerned about what would happen if pieces of Styrofoam-like insulation on the
shuttle's main fuel tank broke off as it thundered from its launch pad toward 17,500 mph and orbit. Sieck,
who was the shuttle's chief project engineer, thought the flying foam might damage the orbiter's fragile
heat-shield tiles. He and a team of can-do engineers decided to find out. They mounted several tiles above
the roll bar of the open-wheeled Formula Ford that Sieck raced on weekends. And they hung a desktop-
sized slab of foam from a makeshift frame and put it in the middle of a 3-mile-long runway at Kennedy
Space Center. Then Sieck ran his car, and the tile, straight at the foam -- at 130 mph. "It was spectacular,”
Sieck, now retired and living in Titusville, told the Orlando Sentinel. "I'm sure I closed my eyes and gritted
my teeth. There was just a 'click’ -- and it snowed foam, all over me and all over the car.” That snowfall of
foam -- and broken pieces of tile -- were the first indicators of a problem that has dogged the National
Aeronautics and Space Administration for the 22 years the shuttle has flown: foam breaking free from the
shuttle's enormous external fuel tank and damaging the brittle, silicon-based tiles that protect the orbiter
from the 2,000-degree-plus heat of re-entry. Ranging from popcorn-sized pellets to chunks the shape of
briefcases, moving at relative speeds of as much as 500 mph, debris -- most often falling foam -- has
pockmarked and scarred an average of 100 thermal tiles during every one of the shuttle's previous 112
flights -- and sometimes many more tiles than that. Now, investigators fear, as many as three chunks of
foam -- perhaps mixed with ice -- slammed into Columbia's underbelly during its Jan. 16 liftoff and may
have cracked tiles or damaged the leading edge of the orbiter's left wing. That damage could have allowed
superhot gases to get into Columbia's airframe during the fiery heat of re-entry, causing it to break up
207,000 feet over Texas on Feb. 1, killing its crew of seven. The focus on the foam is also prompting a
tough look at NASA's decision-making, considering that the space agency has known for more than two
decades that the debris posed at least some degree of hazard to its orbiters. [“Foam was ‘acceptable risk’,”
Orlando Sentinel, February 23, 2003, p Al & Al8.]

@ For years before it broke apart in the skies over Texas, the space shuttle Columbia was beset by
recurring problems, glitches and close calls. In 20 of its 28 missions, the first in 1981, Columbia
experienced mechanical or technical problems at launch or in orbit. Those problems caused Columbia to
have more flight delays than any other orbiter, a review of thousands of pages of NASA documents and
interviews show. While nobody is yet sure what caused Columbia's catastrophic ending this month,
between 1996 and 1999 the orbiter had at least five "escapes” -- a NASA term for a mission that flew with
a problem that only "luck or providence" prevented from causing serious damage. On another launch, a
worker made what NASA calls a "diving catch," meaning his diligence caught a flaw routine checks had
missed. For more than a decade, as inspectors tried to keep Columbia on schedule, they granted waivers
from required maintenance, 350 pages worth. Since Columbia was the oldest orbiter in the fleet, NASA
also relaxed maintenance standards, an acknowledgment that an old machine cannot perform as well as a
newer one. But those changes were made without an assessment about whether the adjustments heightened
risk. A safety panel looking at Columbia's wiring problems in 1999 concluded that the issue may have
contributed to Columbia's narrowly avoiding an emergency landing. For all the bold thinking that brought
forth Columbia, the shuttle program has experienced financial pressure, the loss of skilled workers and
maintenance challenges. Numerous outside reviews have concluded there are systemic weaknesses in the
shuttle program that go deeper than the mission-by-mission problems. As NASA ponders how to recover
from its second shuttle catastrophe in slightly more than 100 flights, it has become clear that manned space
flight remains a far riskier undertaking than the program's architects had envisioned. Each of the remaining
shuttles -- Discovery, Atlantis and Endeavour -- will face questions about its maintenance record and safety
history. NASA is confronting increasing pressure to find a better successor vehicle to the shuttle. NASA
staunchly denies safety has slipped, even as outside audits and reviews noted items -- including the
hundreds of maintenance waivers or reduction in quality checks -- that point to troubling systemic
problems. William F. Readdy, NASA's associate administrator for space flight, said, "I think you would
have to look at each of those individually," to understand them, but as a general matter NASA has a safety
"culture” that extends from the top down to its smallest vendors. "We are anything but complacent,” said
NASA Administrator Sean O'Keefe. The care NASA takes in its programs, O'Keefe added, may have
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lulled the public into forgetting that space flight is risky. Web posted. (2003). [Columbia Marked by
Delay, Faults [Online]. Available WWW: http://www.washingtonpost.com/ {2003, February 23].]

@ NASA's budget this year sounds like a lot of money, $15 billion. But by Washington, D.C. standards,
it hardly rises to the level of "real money." In fact, the proposed increase in the Department of Defense
budget -- not counting the cost of any war with Iraq -- is about the same size as the space agency's total
budget. Adjusted for inflation, NASA's budget is less than half of what it was in the mid-1960s, leaving
many wondering if budget cuts have nickel-and-dimed NASA into disaster. "(Safety) could not have
helped but to be compromised,” said space expert Charles Vick, senior fellow at Globalsecurity.org.

When adjusted for inflation, NASA's budget peaked in 1966 at the start of the Apollo program. NASA's
budget that year was $5.9 billion. That is the equivalent of $32.9 billion in 2002 dollars. NASA's actual
budget for 2002 was $14.3 billion. Measured in 2002 dollars, NASA's budget is even less today than it was
in the mid-1990s, when construction of the International Space Station began. Yet while NASA's budget
has remained essentially flat in recent years, the agency has had extra responsibility. An example was
supporting construction of the space station, which is considered to be the greatest engineering challenge in
history. Money otherwise targeted for shuttle operations was diverted to the space station, which is billions
of dollars over budget. In 1994, NASA spent $4.59 billion, adjusted to 2002 dollars, on shuttle operations.
By last year, that dropped to $3.29 billion. One of the biggest critics of NASA's budget cuts has been Sen.
Bill Nelson, D-Tallahassee. "They've starved the space shuttle of funds,” said Nelson, who as a
congressman flew on Columbia in 1986 in the last shuttle mission before the Challenger explosion. "And
what they are doing is compromising safety.” While NASA may not have had to cut any existing safety
programs because of budget constraints, the agency has not been able to make planned safety upgrades to
the shuttle fleet. Long before the Columbia disaster, Nelson warned delaying those upgrades was a recipe
for a future catastrophe. "I fear that if we don't provide the space shuttle program with the resources it
needs for safety upgrades, our country will pay a price we can't bear," he told the Senate Science,
Technology and Space Subcommittee in September 2001. "The proposed budget abandons some of the
most critical safety upgrades for our aging fleet . . . This budget fails to adequately protect these
astronauts.” Nothing so far ties the budget cuts to the Columbia disaster and NASA has consistently
maintained that safety has not been compromised by the budget cuts. [“NASA must do more with less,
Florida Today, February 24, 2003, p 1A & 3A.]

@ Teams searching for parts shed by the space shuttle Columbia as it broke apart found more small metal
fragments Sunday in a rural part of southeast Nevada. Digital photographs of the material were sent to
NASA’s Johnson Space Center in Houston for analysis. Several small scraps of aluminum were also found
Saturday. NASA has not confirmed whether any debris west of Texas came from the shuttle. Casey Wood,
who was sent by NASA to aid in the search, said he was “80 percent sure the items” were from Columbia.
Wood is an employee of NASA contractor United Space Alliance in Cape Canaveral. The board
investigating the accident has determined Columbia almost certainly suffered a breach along its wing and
possibly its main landing gear compartment that allowed searing air to blast inside during its descent at
nearly 12,500 mph. About 80 miles from Panaca in Utah, officials were searching at NASA’s request in
the Kolob Mountain area near Zion National Park, Washington County Sheriff Kirk Smith said. [“Officials
unsure if metal found in Nevada is from Columbia,” Florida Teday, February 24, 2003, p 2A.]

@ Before Feb. 1, the future of the space shuttle was numbered in decades, as the National Aeronautics
and Space Administration estimated the fleet that first lifted off in 1981 easily could keep flying through
2020. With a string of 88 successful missions since the Challenger disaster of 1986 and plans for a
replacement shelved indefinitely, the four-orbiter fleet was NASA's present and its future. Then Columbia
broke up 200,000 feet above east Texas -- and suddenly NASA was confronted with a question it hadn't
expected to face: Should the shuttle fly again? With 2 million parts, it's the most complicated machine ever
built; it costs a half-billion dollars per mission and requires 4,000 workers at Kennedy Space Center alone
to maintain it. What's more, those per-mission costs are certain to climb. The salaries of those 4,000
workers, as well as the cost of the launch pads and assembly buildings and administrative overhead that
sustain it, had been spread across four orbiters. With the loss of Columbia, there are now only three. And
its aging technology promises to make upkeep even more expensive at a time when NASA is looking at
years of essentially flat budgets. That said, the reality is that NASA has no choice but to keep flying the
shuttle. To finish building the $100 billion International Space Station and to care for its prized $3 billion
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Hubble Space Telescope, NASA must get the remaining fleet back into orbit. NASA's managers, including
agency chief Sean O'Keefe, reject assertions that the shuttle program is too expensive or fundamentally
unsafe. "I don't know, based on the evidence that's available today and the facts that are arrayed, what
would drive us to the conclusion,” O'Keefe said last week. "It was very clear that something went deadly
wrong [on Columbia], and we're going to find out what that was. "We're going to fix it, and we're going to
get back to flying safely as soon as we possibly can.” The International Space Station -- the world's only
remaining space outpost, orbiting 240 miles above Earth -- is the most urgent reason NASA has for
returning to the launch pad. Two Americans and one Russian were expecting shuttle Atlantis to bring a
fresh crew to replace them in March. The astronauts and cosmonaut have enough food and supplies to stay
on board until June, and they could fly back to Earth if needed on the Russian-made Soyuz capsule that
remains parked at the station for emergencies. But NASA -- which is forbidden by Congress to give money
to the Russian space agency -- is skeptical about whether the cash-strapped Russians can take over for the
shuttle. It seems unlikely that the Russians can take over the arduous job of ferrying crews and supplies
back and forth solely on their Soyuz rockets. [“NASA’s dilemma: Is shuttle fit to fly?” Orlando Sentinel,
February 24, 2003, p Al & A4.]

FEBRUARY 24: NASA and its international partners are nearing a decision on how best to use the Soyuz
flight headed to the International Space Station in late April. At issue are dwindling supplies, especially
water, and the endurance of the three-man station crew, which was supposed to come home on a shuttle in
March. Because the Columbia accident Feb. 1 grounded the shuttle fleet, one possibility is that a caretaker
crew of two people would be sent to the station. Such a crew could replace Commander Ken Bowersox,
Don Pettit and Nikolai Budarin, who would come home in a Soyuz. "We have several more days’ worth of
discussions this week with the Russians and international partners,” NASA spokesman Rob Navias said
Monday at Johnson Space Center. NASA still is looking at supplies aboard the station, how much can be
taken up on a scheduled Russian Progress flight in June, and whether another Progress capsule could be
pushed ahead of schedule to launch before the end of the year, he said. There's also debate on what to do
with the seat the European Space Agency had reserved for Spain's Pedro Duque on the April flight. Several
potential candidates trained for the station and Soyuz could go, Navias said. A station crew would have to
include one American and one Russian to maintain the U.S. and Russian systems aboard, he said. A Soyuz
is always docked with the station as an escape pod. The ships are replaced about every six months.
[“"NASA works on Soyuz trip issues,” Florida Today, February 25, 2003, p 1B.]

@ The first of two Mars Exploration Rovers, MER-1 arrived at the Kennedy Space Center today from the
Jet Propulsion Laboratory in Pasadena, Calif. The cruise stage, aeroshell and lander for the Mars
Exploration Rover-1 mission also arrived today. This same flight hardware for the MER-2 rover arrived
January 27, however this rover is scheduled to arrive at KSC around March 10. The Boeing Delta II
vehicle for the first launch of the two launches scheduled on May 25 is planned for erection on the pad at
Space Launch Complex 17 beginning April 18. The Delta for the second launch on June 30 will begin
erection activities on May 1. Each spacecraft will receive a MER-A or MER-B designation once they
arrive at the pad. While at KSC, each of the two rovers, the aeroshells and the landers will undergo a full
mission simulation. All of these flight elements will then be integrated together. After spin balance
testing, each spacecraft will be mated to a solid propellant upper stage booster that will propel the
spacecraft out of Earth orbit. Approximately ten days before launch they will be transported to the launch
pad for mating with their respective Boeing Delta II rockets. The rovers will serve as robotic geologists to
seek answers about the evolution of Mars, particularly for a history of water. [“First Mars Exploration
Rover Arrives At KSC To Begin Preparation For Launch,” NASA News Release #21-03, February 24,
2003.]

FEBRUARY 25: After more than 30 years, it appears the venerable Pioneer 10 spacecraft has sent its last
signal to Earth. Pioneer's last, very weak signal was received on Jan. 22, 2003. NASA engineers report
Pioneer 10's radioisotope power source has decayed, and it may not have enough power to send additional
transmissions to Earth. NASA's Deep Space Network (DSN) did not detect a signal during the last contact
attempt Feb. 7. 2003. The previous three contacts, including the Jan. 22 signal, were very faint with no
telemetry received. The last time a Pioneer 10 contact returned telemetry data was April 27, 2002. NASA
has no additional contact attempts planned for Pioneer 10. "Pioneer 10 was a pioneer in the true sense of
the word. After it passed Mars on its long journey into deep space, it was venturing into places where
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nothing built by humanity had ever gone before," said Dr. Colleen Hartman, director of NASA's Solar
System Exploration Division, NASA Headquarters, Washington. "It ranks among the most historic as well
as the most scientifically rich exploration missions ever undertaken,” she said. "Originally designed for a
21-month mission, Pioneer 10 lasted more than 30 years. It was a workhorse that far exceeded its warranty,
and I guess you could say we got our money's worth," said Pioneer 10 Project Manager, Dr. Larry Lasher.
Pioneer 10 was built by TRW Inc., Redondo Beach, Calif., and was launched March 2, 1972, on a three-
stage Atlas-Centaur rocket. Pioneer 10 reached a speed of 32,400 mph needed for the flight to Jupiter,
making it the fastest human-made object to leave the Earth; fast enough to pass the moon in 11 hours and to
cross Mars' orbit, about 50 million miles away, in just 12 weeks. At last contact, Pioneer 10 was 7.6 billion
miles from Earth, or 82 times the nominal distance between the Sun and the Earth. At that distance, it takes
more than 11 hours and 20 minutes for the radio signal, traveling at the speed of light, to reach the Earth.
[“Pioneer 10 Spacecraft Sends Last Signal,” NASA News Release #03-082, February 25, 2003.]

@ In the wake of the Columbia loss, the House Science Committee is planning a top to bottom
examination of NASA, forcing the space agency to come to grips with the true dangers of flying the space
shuttle. The committee, which has the greatest congressional oversight of the National Aeronautics and
Space Administration, scheduled a hearing for Thursday, but the major NASA inquiry must await the
Columbia Accident Investigation Board's final report expected in about a month, committee aides said.
Using the board's report as a starting point, the congressional panel will conduct a full-bore investigation
that concentrates on the policies, management and safety philosophy of the space agency, according to a
committee source who spoke only on condition of anonymity. "We're going to look at the NASA budget,
the requests that were made, statements that were made, the final appropriations, and what, if anything,
could have been done to prevent this (Columbia accident),” the committee source said. ~~We are going to be
looking generally on the future of the space program.” Among the issues is how the agency now contracts
out much of the detailed work on the shuttle and whether these contracts affected safety. The committee
also wants NASA to explain its plans for returning to Earth the three-man crew on the international space
station now that the shuttle fleet is grounded because of Columbia's destruction 3 1/2 weeks ago. One of
the major targets of hearings, sources said, will be the contract held by the United Space Alliance, a
combination of aerospace companies that does most of the detailed work of maintaining, refurbishing and
launching the space shuttle at Florida's Kennedy Space Center. NASA engineers provide oversight in key
supervising positions. Another issue, said a committee source, is how diligent NASA has been in following
up on safety studies by independent boards. Engineering assessments of the shuttle have been conducted
for years by expert committees of the National Academy of Sciences and by other panels. There are dozens
of reports in NASA's own archives warning about risks linked to the shuttle's thermal tiles, which are
thought to have played a role in the Columbia accident. Web posted. (2003). [NASA Recovery Hinges on
Shuttle Probe [Online]. Available WWW: http://www.space.com/ [2003, February 25].]

€ A fragment of videotape shot by one of the astronauts on Columbia's flight deck during the early
stages of re-entry Feb. 1 has been recovered by NASA. But sources say the heat-damaged tape ends before
the onset of problems in the left wing that ultimately led to the orbiter's destruction and the deaths of the
ship's crew. As such, the tape provides no insight into the mishap. But sources familiar with the tape say the
astronauts showed no signs of any concern as they prepared for return to Earth after a 16-day science
mission. The tape has been shown to astronaut family members, the sources say, and will be shown to
lawmakers in Washington on Wednesday before its eventual release to the media and public. The digital
video tape, presumably shot by astronaut Laurel Clark, begins around 8:35 a.m., some nine minutes before
Columbia fell into the discernible atmosphere 400,000 feet above the Pacific.Ocean northwest of Hawaii.
The tape continues for four minutes past "entry interface” and then abruptly ends around 8:48 a.m., four
minutes before the first telemetry was received indicating problems in the shuttle's left wing. Sources say
no other tape remained on the heavily damaged cassette. Web posted. (2003). [Cockpit video found; tape
ends before problems [Online]. Available WWW: http://www.spaceflightnow.com/ [2003, February 25].]

@ Space Shuttle Atlantis briefly moved out of the Vehicle Assembly Building on its mobile launch
platform Tuesday but was rolled back into the hangar. The giant crawler that carries the shuttle rolled out
of the giant hangar then returned to another bay. That bay has cranes that will be able to detach Atlantis
from her orange external fuel tank and two solid rocket boosters. In about 10 days, Atlantis will move over
to a smaller processing hangar minus the fuel tank and boosters. Web posted. (2003). [Space Shuttle
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Atlantis Rolled Out, Then Put Back In Hangar [Online]. Available WWW: http://news.yahoo.com/ [2003,
February 25].]

@ The object that accompanied Columbia in its orbit on the ship's second day in flight almost certainly
came from the orbiter, investigators said Tuesday. The object measured about 1 foot by 1.3 feet, said Brig.
Gen. Duane Deal of the Columbia Accident Investigation Board. "It would be an incredible coincidence
for something to be floating around in that exact orbit,” Deal said. "You could say with a reasonable
amount of certainty that it did come from the shuttle.” Officials at Wright-Patterson Air Force Base in
Ohio are looking at archived tapes, trying to determine the make-up of the object by examining how light
reflected off it. The object first appeared after Columbia had made its first maneuver of the flight. The ship
had gone into a right-wing-first orientation, then moved back to engines-first. The object was just one
piece of a growing web of evidence discussed at the board's Tuesday briefing, when investigators unveiled
photos of a dramatically scarred and burned shuttle tile found near Fort Worth. The pictures show unusual
damage under the tile and on its surface indicative of extreme heat, but the cause of the damage still is
unclear. Investigators haven't ruled out that the object shadowing Columbia in orbit was a tile, but it could
have almost any lightweight object that fell away from the ship. Because of Columbia's need for different
positions to accommodate Earth-observation experiments, this flight had among the highest number of
maneuvers on orbit, Deal said. The payload bay doors were open, so the object could have come from the
payload bay, which housed the Spacehab double research module during the flight, and the crew likely
wouldn't have seen it, Deal said. There were windows only on the roof of the Spacehab. Radar data
consulted after the accident revealed the existence of the object. "They tracked it until there were no more
radar tracks of it,” Deal said. The loss of radar data on Jan. 20, three days after it first appeared, and its
descent were characteristic of an object burning up in the atmosphere. [“Board: Mystery object from
shuttle,” Florida Today, February 26,2003, p 1A & 3A.]

@ Jacobs Sverdrup Inc., an Air Force and NASA contractor, confirmed Tuesday it plans to lay off some
of its workers at Cape Canaveral Air Force Station. The company would not say how many workers it will
lay off. It said the job cuts are the result of “a lack of funding,” and is seeking government money to
avoid, or at least minimize the layoffs. The pending layoffs have alarmed Transport Workers Union of
America Local 525 President Chris Hunt, whose union represents many of the Jacobs Sverdrup workers.
Hunt things the Feb. 1 shuttle Columbia disaster is a factor in the job cuts. However, the Air Force said it
advised the company to reduce its expenses because less money became available under its contract. Hunt
said Jacobs Sverdrup initially told him 85 workers would be laid off, but the company has since reduced
that number to 49. That would be about 8 percent of the firm’s almost 600 workers at the Air Force Station
and Kennedy Space Center. The Air Force Station workers affected perform support services related to
unmanned rocket launches. [“Contractor at Cape to lay off workers,” Florida Today, February 26, 2003,
p 1A]

@ A new office building to be erected at Kennedy Space Center sends a powerful message to those
toiling through the aftermath of the Columbia accident. “This is a really good time,” KSC director Roy
Bridges said. “It’s symbolic for our people, the fact we’re out here building for the future.” Ground was
broken for the Operations Support Building 2 on Tuesday. The $40 million, five-story complex will house
about 860 offices as well as training and conference rooms and a mission conference center that can hold
352 people. About three-fourths of the new building will be used by United Space Alliance workers who
prepare the shuttle for launch, said Mike Wetmore, director of shuttle processing. The building is
scheduled to be finished in March 2005. [“KSC begins work on building,” Florida Today, February 26,
2003, p 1B.]

FEBRUARY 26: The second flight of Lockheed Martin’s Atlas 5 rocket has been postponed to replace the
Centaur upper stage after a manufacturing concern was raised, managers announced Wednesday. Launch
was scheduled for March 14 from Cape Canaveral to deliver the Greek Hellas Sat communications satellite
into Earth orbit. An official new date is pending. A Lockheed Martin spokeswoman said a problem was
uncovered with a welding station in the Centaur production factory. After the fault was found, technicians
inspected the various Centaurs already built to determine if any had welds that were suspect. Another
Centaur currently undergoing final assembly will be shipped to the Cape as a replacement. Web posted.
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(2003). Mission Status Center [Online]. Available WWW: http://www.spacetlightnow.com/ [2003,
February 26].]

@ The head of the Columbia Accident Investigation Board told members of Congress that it may take six
months to learn all the factors involved the destruction of the space shuttle, but information on the direct
cause will be released as soon as it is discovered. Rep. Sherwood Boehlert, R-New York, chairman of the
House Science committee, met with retired Navy Adm. Harold Gehman Jr., head of the investigation panel,
on Wednesday and said the board is still uncertain what caused Columbia to break apart over the skies of
Texas on February 1. A number of theories are still under consideration. "They are not jumping to any
conclusions,” said the congressman. Boehlert said Gehman estimated that completing the Columbia
investigation will take "two to six months,” but that the root cause of the accident may be found earlier.
The congressman quoted Gehman as saying, "If we can find out what went wrong that will be released
immediately.” This would enable NASA to start fixing the problems and allow the other space shuttles to
fly sooner, Boehlert said. Web posted. (2003). Shuttle board probe may take six months [Online].
Available WWW: http://www.cnn.com/ [2003, February 26].]

4 Astronomers have started a countdown to the launch of two robotic buggies on a mission to find out if
there is, or ever was, life on Mars. Charles Elachi, director of the National Aeronautics and Space
Administration's (NASA) Jet Propulsion Laboratory, said final preparations were underway with one
"exploration rover" arriving at Cape Canaveral this week and the second due in three weeks. He said the
rovers, which are the size of an office desk, were set to be launched on May 30 and June 25, piggy-backing
on two rockets then parachuting down to Mars in January in an air-bag cushioned landing. Elachi said
there was strong interest in the latest launches after recent indications there could be water ice on the red
planet. Interest was also keen after the loss in 1999 of two robotic Mars missions -- a lander and an
orbiting spacecraft -- at a cost of $290 million. Missions to Mars can only occur every two years when the
planets are in the favorable alignment. Liquid water is seen as key for Earth-type life on a planet and
underground water ice could help show how Mars developed. Web posted. (2003). NASA starts
countdown to Mars mission [Online]. Available WWW: http://www.cnn.com/ [2003, February 26].]

@ Independent investigators probing the Columbia disaster have released pictures of a protective tile
from the doomed shuttle with mysterious orange marks, which could support the theory that the craft was
damaged in an in-flight collision. “This is not re-entry heat damage,” retired admiral Harold Gehman, who
heads an independent panel probing the demise of Columbia and its seven crew members, told reporters
Tuesday. The protective tile — its surface seared from exposure to extreme heat — was found by search
teams near the town of Powell, in northeastern Texas. The photographs, made public by the investigative
board, showed bright orange deposits in jugged grooves on the surface of the tile, the origin of which
Gehman conceded remained mysterious to him. Columbia disintegrated in the sky over eastern Texas on
February 1, as it was reentering the atmosphere ahead of its scheduled landing at the Kennedy Space Center
in Florida, following a 16-day science mission. Web posted. (2003). Collision theory gains currency in
Columbia disaster probe [Online]. Available WWW: http://www.spacedaily.com/ [2003, February 26].]

€ Dozens of people at Johnson Space Center and beyond were aware that engineers discussed a
potentially catastrophic landing for Columbia in advance of the disaster, new e-mails released Wednesday
show. But despite close parallels between the e-mail scenarios and the accident, flight controllers say the
discussions were just an exercise prior to the shuttle's fatal landing attempt Feb. 1 and did not indicate any
advance knowledge or expectation of a disaster. The most dire e-mails, one of which suggested the left
wing could burn up, were sent after NASA had approved a Boeing analysis that predicted that foam that
came off the shuttle's external tank may have caused extensive tile damage but would not lead to burn-
through. "I had no reason to doubt the thermal analysis that said there was not going to be any burn-through
on the vehicle," Jeff Kling, the mechanical systems officer in the flight control room the morning of Feb. 1,
said Wednesday. "Because I had confidence in the thermal analysis, I was not at all concerned with the
health of the vehicle for entry day." The e-mail chatter wasn't just a discussion among a few engineers, as
some officials have characterized "what-if" scenarios proposed after the analysis of external-tank foam that
hit the wing during launch. The e-mails went to employees of NASA and contractors in mission operations,
space shuttle systems, space and life sciences, flight mechanics and other divisions. Among the discussions
were thoughts on what kind of sensor readings ground controllers might get if a breach in the wheel well let
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in hot gases during reentry. One description is jarringly similar to what Columbia experienced in its final
minutes. "First would be a temperature rise for the tires, brakes, strut actuator, and the uplock actuator
return,” Kevin McCluney wrote in a Jan. 31 e-mail sent to more than a dozen people. "Tire pressure (and
theoretically brake pressures as the fluid temperature increased, though the expansion is small) would rise
given enough time, and assuming the tire(s) doesn't get holed. Then the data would start dropping out as the
electrical wiring is severed . . . Data loss would include that for tire pressures and temperatures, brake
pressures and temperatures Bob Doremus, a flight controller who is the lead for the mechanical systems
group, pooled the e-mails after the accident at the request of shuttle program manager Ron Dittemore. He
was among those who saw the discussions during the flight. The e-mail discussions interested the engineers
who work for him, he said, because they are experts on landing-gear systems. There was no reason to think
the gloomy, specific possibilities were anything but "what-if" scenarios, he said, because he had no
information to suggest the Boeing analysis of the foam strike was wrong. [“More e-mails cite fears,”
Florida Today, February 27, 2003, p 1A & 3A.]

€ Studies to determine whether the ill-fated shuttle Columbia was fatally struck by foam on liftoff were
based partly on tests looking at small hits the orbiter might absorb rather than the large section of insulation
that collided with the space plane. The orange foam that smashed into Columbia on Jan. 16 is thought to be
the largest to crash into a shuttle, leading to speculation that the orbiter’s heat-shielding tiles were
catastrophically damaged less than two minutes into the mission. Some aerospace experts said Wednesday
that it is difficult to extrapolate what a large hunk of foam might do to the shuttle’s thermal-protection
system based on strikes from smaller pieces. NASA officials defended their method of calculating possible
tile damage, saying they are “conservative” and realistic. Their basis, in part, was a 1999 study by the
Texas-based Southwest Research Institute that was released Wednesday. Once Columbia was aloft, NASA
asked shuttle contractor The Boeing Co. to assess the damage that might have occurred. Boeing engineers
ran a number of simulations, using a model devised by the Southwest Research Institute of San Antonio in
March 1999, according to NASA spokeswoman Kylie Moritz. Southwest is an independent laboratory that
has been conducting assorted NASA research for 40 years. [“Small debris used in 1999 tests,” Orlando
Sentinel, February 27, 2003, p Al & A12.]

FEBRUARY 27: The chairman of the commission probing the space shuttle Columbia disaster told
lawmakers yesterday that investigators are closing in on the precise cause of the accident and may issue
preliminary findings as soon as the next month or two, several participants in the meetings said. "We think
they're close to causation,” said Rep. Ralph M. Hall (Tex.), the ranking Democrat on the House Science
Committee, following a meeting on Capitol Hill with retired Adm. Harold W. Gehman Jr., chairman of the
investigative panel. Gehman declined to speculate on the exact cause of the breach of the shuttle's left wing
that triggered the accident, which killed the seven crew members, but indicated that investigators "have
narrowed it to the neighborhood," added Rep. Bart Gordon (D-Tenn.). Republican and Democratic
lawmakers were also shown a new videotape of the most comprehensive schematics and photographs
assembled to date plotting the shuttle's fatal reentry into Earth's atmosphere, showing how it began
shedding pieces and finally disintegrated over Texas early Feb. 1, only minutes from landing in Florida.
The videotape -- which has not been made public -- incorporates a matrix of data from shuttle sensors and
photographs taken from the ground by government agencies and private individuals. The tape documents
that the shuttle began to break up much earlier than NASA officials had originally assumed. Web posted.
(2003). Shuttle Panel Close to Naming Crash Cause [Online]. Available WWW:
http://www.washingtonpost.com/ [2003, February 27].]

@ The three astronauts aboard the international space station will be replaced by a two-person crew in
the spring as NASA tries to keep the outpost running on limited resources. Scientific experiments are the
primary rationale for the station, and NASA Administrator Sean O’Keefe told a congressional committee
Thursday that the crew still will be able to conduct research. But some experts did not share that view. “It
would curtail them severely,” said Rae Silver, a professor at Columbia University who last year chaired a
panel of experts commissioned by NASA to evaluate the scientific potential of the station. The new crew —
one American and one Russian — will fly to the station aboard a Soyuz spacecraft in late April or early
May, O’Keefe said. It will replace Americans Kenneth Bowersox and Donald Pettit, along with Russian
Nikolai Budarin, who arrived in late November and were scheduled to fly home on shuttle Atlantis in
March. The three will come home aboard a Russian Soyuz that is docked on the station for use as an
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emergency-escape vehicle. Two astronauts and two cosmonauts are already in training in Star Center,
Russia. ["Decision will cut station crew to 2," Orlando Sentinel, February 28, 2003, p A12.]

€ NASA Administrator Sean O’Keefe said Thursday that there are no immediate plans to reduce
Kennedy Space Center’s work force because of the indefinite hold on shuttle flights after the Columbia
tragedy. O’Keefe made his comments at a hearing of the House Science Committee on Thursday in
response to a question from Rep. Tom Feeney, R-Oviedo, whose district includes KSC. NASA hopes to
resume shuttle flights as soon as safely possible, O’Keefe said, but employees have plenty to do in the
interim. This includes work on future shuttle missions and preparations to receive parts for the
international space station. They also have a new duty: piecing together Columbia’s wreckage. At KSC,
O’Keefe said, there is “a lot of busy activity going on, and a lot of folks really attending to it, and spending
an awful lot of time above or beyond their normal workday.” [“KSC workers can breathe sigh of relief,”
Orlando Sentinel, February 28, 2003, p A12.]

FEBRUARY 28: Air Force and NASA contractor Jacobs Sverdrup Inc. has postponed layoffs it planned
to announce today at Cape Canaveral Air Force Station. The company also canceled a two-week furlough
of Air Force Station workers it planned for later this year, Jacobs Sverdrup General Manager Joe Hollis
said Thursday. Jacobs Sverdrup was able to cancel the furlough — which would have affected more than
450 employees — after government officials came up with extra money for the company, Hollis said. The
company also had planned to issue layoff notices today which would have gone into effect in two weeks.
But government officials asked the company to delay issuing the notices for two weeks, while they try to
get more money to avert or minimize the pending job cuts, Hollis said. [“Air Force contractor delays
layoffs,” Florida Today, February 28, 2003, p 1C & 3C.]

€ A videotape that shows activities aboard the space shuttle Columbia as it re-entered the atmosphere
was released Friday by NASA. The partially scorched and burned tape was recovered near Palestine,
Texas, during a search for shuttle debris, the U.S. space agency said earlier this week. The videotape runs
about 13 minutes long, but stops short of the first sign of trouble on the spacecraft, which broke up on
February 1. Shot from the flight deck, it shows several astronauts and later the view outside the window,
where colorful, super-hot gases known as plasma built up around the outside of the shuttle as it plunged
into the atmosphere. "It's a bright orange yellow, all over the nose," observed one crew member. "You see
sort of a swirl pattern,” another said. Scott Altman, the commander of the previous Columbia mission, said
Friday that the visual display was ordinary. "All the plasma effects noted on the tape are typical of a
normal night re-entry,” he said. At the time, the shuttle was in predawn darkness. It soon entered morning
daylight over the continental United States. Normal conversations can be heard among other crew
members as well, who check gauges, put on their gloves and comment on the gravity forces. Shortly after
the left wing developed a variety of problems, the orbiter broke up 39 miles over Texas, killing the crew of
seven. A suspected breach in the wing may have allowed the plasma to enter and spark the disaster, shuttle
investigators think. The video was shot with a small camera mounted near shuttle pilot Will McCool, who
removes it and hands it to mission specialist Laurel Clark for additional taping, NASA said. The video
begins when the $2 billion spacecraft passed over the south central Pacific Ocean at an altitude of about 95
miles and ends when it was over the eastern Pacific, southwest of San Francisco. It includes nine minutes
before and four minutes after re-entry, and ends about 11 minutes before Mission Control lost the signal
from the doomed orbiter. Shuttle crews usually record their entire return flight to landing, but "we believe
the rest of the tape was destroyed during the mishap,” Altman said. Web posted. (2003). NASA releases
shuttle re-entry video [Online]. Available WWW: http://www.cnn.com/ {2003, February 28].]

4 Contrary to published reports, the Columbia Accident Investigation Board did not ask NASA
Administrator Sean O'Keefe to remove shuttle program manager Ronald Dittemore from an active role in
the agency's ongoing probe of the Columbia disaster, sources say. The New York Times reported today that
board Chairman Harold Gehman requested the reassignment of Dittemore and other unnamed senior
managers because of concerns about conflicts of interest. Sources close to the investigation told CBS News
today that Dittemore, who inspected debris today at the Kennedy Space Center, was not among the names
submitted to O'Keefe. Two sources said the list included Linda Ham, a former flight director and the head
of NASA's mission management team, and Ralph Roe, a former launch director and manager of the shuttle
program's vehicle engineering office at the Johnson Space Center in Houston. It is not yet known if the
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board requested any additional reassignments. A source said the request for reassignments was not meant
as a reflection on anyone's personal integrity, it was simply in keeping with a desire to ensure the
independence of the ongoing investigation. As chairman of the MMT, Ham ultimately accepted the results
of a Boeing analysis of the potential damage to Columbia's left wing from the impact of foam debris from
the ship's external tank 81 seconds after launch. The analysis concluded Columbia's wing might suffer
significant damage during re-entry, but that even so, the vehicle could safely land. Ham presumably played
arole in a decision not to request a detailed photo survey of Columbia's underside using powerful Air Force
telescopes. Wayne Hale, a senior flight director now serving as launch integration manager at the Kennedy
Space Center, made inquiries about the possibility of Air Force help inspecting Columbia, but those initial
efforts were terminated by senior management. "The SSP (space shuttle program) did not want any data
and in fact there was never a formal MOD (mission operations directorate) request made from the FDOs
(flight dynamics officers) or the Flight Director," Steve Stich, a flight director himself, wrote in an email to
a colleague. In an interview today to discuss various aspects of hypersonic flight, Hale declined comment
on the matter, saying "I probably ought to wait until I tell the board my story. That's coming up." Web
posted. (2003). Board didn’t seek removal of Dittemore from investigation [Online]. Available WWW:
http://www.spaceflightnow.com/ [2003, February 28].]

€ NASA investigators have narrowed the likely area where debris struck shuttle Columbia during launch
to four panels on the leading edge of the ship's left wing. The development is significant because it matches
an area around the left wing's leading edge where some engineers theorize superhot gases first pierced the
shuttle's protective heat armor during re-entry. A breach there could explain some of the left-wing
temperature spikes and sensor failures seen by flight controllers before Columbia's breakup over Texas on
Feb. 1. But as has become the norm in this complex investigation, other evidence suggests different
scenarios. A briefcase-sized chunk of foam insulation, estimated to weigh about 2.7 pounds, broke free
from Columbia's external fuel tank and hit the wing's leading edge 82 seconds after liftoff Jan. 16.
Documents obtained by from the Space Shuttle Vehicle Engineering Office at Johnson Space Center
indicate the debris struck in the vicinity of panels 6 through 9 on the leading edge. Those U-shaped panels
-- made of a reinforced carbon-carbon material designed to withstand temperatures greater than 2,300
degrees -- lie in and outside a slight curve in the leading edge where the wing arches away from the
fuselage. The impact location came from a new analysis of data from Columbia's liftoff and a review of
earlier studies. [“NASA narrows area for foam hit,” QOrlando Sentinel, March 1, 2003, p Al & A12.]

@ Flight engineers might have tried a heroic, Apollo 13-style fix for the shuttle Columbia had it shown
obvious signs of trouble before its deadly re-entry, NASA’s chief said Friday. “Given the history of this
agency, there is positively nothing that would have been spared in our efforts to try and find out what to do
to avoid a catastrophe,” agency Administrator Sean O’Keefe said during a roundtable discussion with
reporters. O’Keefe’s contention marked an apparent shift in position for the National Aeronautics and
Space Administration. On Feb. 1 — the day Columbia broke up over Texas — space shuttle program
manager Ron Dittemore told reporters that even if damage to the spacecraft’s critical thermal protection
armor was extensive, engineers would have been helpless to correct it. “There’s nothing we can do about
tile damage once we get to orbit,” Dittemore said, a sentiment he repeated six times that day. “With all due
respect to Ron, he’s not speaking for the agency in this regard, OK,” O’Keefe said. “I fundamentally,
absolutely reject the proposition that there was nothing that could have been done on orbit.” [“NASA
might have tried heroic rescue, O’Keefe says,” Orlando Sentinel, March 1, 2003, p Al11.]
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This is the insignia for STS-107, which is a multi-discipline microgravity and Earth science research
mission with a multitude of international scientific investigations conducted continuously during the
planned 16 days on orbit. The central element of the patch is the microgravity symbol, pg, flowing into the
rays of the astronaut symbol. The mission inclination is portrayed by the 39 degree angle of the astronaut
symbol to the Earth's horizon. The sunrise is representative of the numerous experiments that are the dawn
of a new era for continued microgravity research on the International Space Station and beyond. The
breadth of science conducted on this mission will have widespread benefits to life on Earth and our
continued exploration of space illustrated by the Earth and stars. The constellation Columbia (the dove)
was chosen to symbolize peace on Earth and the Space Shuttle Columbia. The seven stars also represent the
mission crew members and honor the original astronauts who paved the way to make research in space
possible. The Israeli flag is adjacent to the name of the payload specialist who is the first person from that
country to fly on the Space Shuttle.
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MARCH

MARCH 1: NASA will move officials directly involved with the Columbia mission off the investigation
into the loss of the shuttle to avoid possible conflicts of interest, according to letters released today by the
independent board in charge of the inquiry. In the letters, Admiral Harold W. Gehman Jr., who leads the
board, asked NASA administrator, Sean O’Keefe, on Feb. 25 to replace “top level space shuttle program
management personnel who were involved in the preparation and operation” of the mission with “other
knowledgeable people to manage the response and investigation support.” In a letter dated Feb. 28, Mr.
O’Keefe replied, “We will assign professionals from outside the shuttle program management structure to
lead these efforts.” He said it would be done “in the next few days.” Web posted. (2003). [NASA Moving
Some Officials From Inquiry of Columbia [Online]. Available WWW: http://www.nytimes.com/ [2003,
March 1].]

@ By Feb. 26, 1986, one month after the Challenger disaster, investigators knew the cause. Video tape
and still photographs showed that an O-ring on the right solid rocket booster triggered events that caused
the shuttle to blow apart. "I would say that a month into it, early on we knew the problem was with the
solid rockets," said Sally Ride, who was the first American woman in space and a member of the Rogers
Commission, the group President Reagan appointed to investigate the Challenger disaster. By March 1,
2003, one month after Columbia disintegrated over Texas, investigators have a lot of leads -- including
foam insulation falling off the external tank and hitting the orbiter's heat shield tiles and an object floating
near the shuttle on its second day of the mission. But there is no "smoking gun." "Since we don't know
what happened, we are obliged to do a full-court press on every one of these avenues: safety, flight crew
performance, materiel, aerodynamics, thermodynamics, imagery reconstruction, debris reconstruction,
because we don't know where the golden nugget is going to be,” Adm. Hal Gehman, chair of the Columbia
Accident Investigation Board, said. The original charter for the Columbia Accident Investigation Board
gives the group 60 days to make their final report. They have said it will probably take longer than that.
Howard McCurdy, a space expert and American University professor, said he estimates the investigation
could take about nine months. Massachusetts Institute of Technology Prof. Eugene Covert, who also
served on the Rogers Commission, said the missing link to the accident will probably be harder to find in
Columbia's case. Both boards were asked to find the technical cause of the accident and also broader
implications for NASA. [“’Smoking gun’ eludes experts one month later,” Florida Today, March 2,
2003,p lA & 8A ]

MARCH 2: For four long weeks, the searchers have been slogging through mud and brush in Texas,
buoyed by the unflagging support of big-hearted small towns. Investigators have been flying around the
country, reading reports until their eyes hurt. And much of the space community has been transformed into
an analytical machine, working day and night to find out what happened to destroy shuttle Columbia on
Feb. 1. They are tired. Many are working seven days a week. But their sense of mission is unwavering.
"We've been working a hundred-plus-hour weeks, but I truly believe we're the lucky ones here," said Rikki
Ojeda of Merritt Island, a United Space Alliance manager for Columbia who was sent to Lufkin, Texas, to
help lead the debris search. "We're busy. We're out being productive.” He got to Texas the day of the
accident and was planning to head home Friday. After work in the field, he joined the command center,
where he helped ensure the search crews had what they needed before they went out in the morning and
when they came back at night. "We've been working seven days a week since we got here," Ojeda said last
week. "I had an afternoon off to watch the Daytona 500, but other than that, days range from 14 to 18 hours
aday." Like Ojeda, much of his team was dispatched from Kennedy Space Center. There are thousands of
searchers in central Texas working to find pieces of the shuttle, and many have been touched by the selfless
acts of the small towns into which they've swarmed. In Maypearl, about 35 miles south of Dallas, the whole
town mobilized for a three-day search that involved four-wheelers, horses and lots of free pizza. "If we
could help bring closure to the NASA people and the families by bringing these pieces back . . . that's what
they wanted," said Linda Jackson, a volunteer firefighter who also works for the town. "You don't get that
opportunity in Maypearl, Texas, very often.” [“Shuttle probe exhausting,” Florida Today, March 3, 2003,
plA&3A]
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@ The shuttle Columbia investigation will have a much more far-reaching impact on the space program
than simply solving the mystery of what triggered the spacecraft's fiery fall to Earth four weeks ago. The
catastrophic loss of the $1 billion machine and its priceless crew of seven has opened the civilian space
agency to a level of scrutiny and doubt it has rarely encountered in its 45-year history. In a candid moment
at agency headquarters Friday, NASA Administrator Sean O'Keefe told a group of space industry reporters
he is aware of just how high the stakes are. "When you go through an intensive fish-tank examination like
this, one where it's out there for all the world to see, it's warts and all," O'Keefe said. "I have no doubt in
my mind there are going to be lots of things that come out of this that may have absolutely nothing to do
with what precipitated the accident at all.” There is no question every centimeter of the shuttle program will
be combed for improvement by the Columbia Accident Investigation Board. But the independent panel
probably won't stop there, O'Keefe predicted. "That is the pattern in any aftermath of a cathartic event like
this,” O'Keefe said. "There will be plenty of things that are emerging now and will continue to emerge that
will motivate a change in the way we look at doing business.” Long-studied issues like shuttle crew escape
devices, on-orbit repair kits and alternative re-entry plans for the 88-ton orbiters are back on the table along
with other basic questions such as: Do the benefits of sending humans into space outweigh the substantial
risks? At a congressional hearing Thursday, several lawmakers from both major political parties openly
suggested public dollars would be better spent on cheaper, safer and perhaps more-productive unmanned
missions. [“Investigation could reshape space agency,” Florida Today, March 3, 2003, p 3A.]

@ The destruction of shuttle Columbia hangs over the heads of Brevard County’s legislative delegation
as it prepares for the 2003 session that begins Tuesday. “From the initial day, the day of the accident, I
expressed that we need to quickly find out what happened to the orbiter, but we also needed to be ready as
a state to make sure the critical labor force stays together,” said Rep. Bob Allen, R-Merritt Island. The
shuttles have been grounded indefinitely since Columbia’s Feb. 1 re-entry disintegration and death of its
seven-member crew. Shuttle operations were suspended at Kennedy Space Center, which employs 15,000
workers. The last suspension occurred after the explosion of shuttle Challenger in 1986. It lasted 2 ¥
years. Keeping that critical work force intact also is on the mind of Sen. Bill Posey, R-Rockledge. Posey
said he doesn’t think the shuttle program can preserve its seasoned work force if it goes through another
round of layoffs. But he said the political scuttlebutt is that President Bush won’t allow the latest
suspension, now in its second month, to last long enough that layoffs become necessary. [“Shielding KSC
work force steers agenda,” Florida Today, March 3, 2003, p 5A.]

MARCH 3: Russia's space chief warned today that time is running out for Washington to finance
construction of extra Russian spacecraft needed to run the International Space Station during a break in
U.S. shuttle flights. "The problem has be resolved within a month," Russian Aerospace Agency director
Yuri Koptev said during a seminar with Italian government officials and aerospace executives in Moscow.
Koptev said Russia is ready to build extra spacecraft, but needs additional funding from U.S. and other
partners in the 16-nation space station project. He said if an agreement isn't reached soon, new ships won't
be ready in time. "We can build a ship in a minimum of one and a half years. We could maybe squeeze it
into 14 months, but anything shorter is impossible,” he said. Russian Soyuz capsules and Progress cargo
ships remain the only link to the space station following the Columbia shuttle disaster and the suspension of
U.S. shuttle flights pending an investigation. But NASA says potential funding is constrained by U.S.
legislation barring additional payments to Russia's space agency unless the United States confirms Russia
has not transferred missile technology or nuclear, chemical or biological weapons to Iran in the previous
year. Koptev acknowledged "political limitations” on the U.S. side but expressed hope that the issue would
eventually be resolved and said it was being discussed on the "presidential level.” [“Russia warns time
running out to build crafts to reach Alpha,” Florida Today, March 4, 2003, p 2A.]

@ NASA has agreed to move some shuttle workers off the Columbia investigation and bring in
employees who don't work directly on the shuttle, if that's what the external board wants. "They're in the
process of transitioning members," said Lt. Col. Woody Woodyard, spokesman for the Columbia Accident
Investigation Board. Letters between retired Adm. Hal Gehman and NASA Administrator Sean O'Keefe
indicate that is what the board wants. "The Board requests that you reassign the top level Space Shuttle
Program management personnel who were involved in the preparation and operation of the flight of STS
107 back to their duties and remove them from directly managing or supporting the investigation,” Gehman
wrote O'Keefe on Feb. 25. "We believe it is in the best interest of these key people, NASA and the effective
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progress of the investigation if they were to be replaced by other knowledgeable people to manage the
response and investigation support.” At issue were members of NASA's investigative team, which reports
to the independent board, who were also part of the decision-making process during Columbia’s mission.
NASA spokesman Doc Mirelson said that NASA employees who support the shuttle program, such as
aerodynamics experts, could potentially help with the investigation. Mirelson said he did not know how
many people this could affect or when. [“NASA to shift shuttle workers helping board,” Florida Today,
March 4, 2003, p 2A.]

MARCH 4: Another truckload of debris from shuttle Columbia is expected to arrive at Kennedy Space
Center today, adding to the 32,000 pounds of pieces already at the center. About 800 pieces are on the grid
at the Reusable Launch Vehicle hangar, NASA spokesman Bruce Buckingham said, but they represent a
small fraction of the whole. Last week, a spokeswoman for the Columbia Accident Investigation Board said
more than 13,000 pieces had been found. Some are so small they are put in plastic bins before they are
placed on the grid. Others are more recognizable and remarkably intact, such as the nose landing gear.
Other pieces are stored in another building at KSC, Buckingham said, such as payload bay doors or items
carried on the ship. "They've been deemed initially to not be part of the investigation,” he said.
Nonetheless, they are bar-coded and entered into the database of parts from the shuttle, which disintegrated
over Texas upon re-entry Feb. 1. Air searches for debris in Texas have again been hindered by poor
weather, NASA spokesman Kelly Humphries said from Lufkin, Texas. "It is socked in," he said Monday.
Thousands of ground searchers are still at work in Texas. Over the weekend, volunteers in Marin, Sonoma
and Mendocino counties in California combed the beaches 30 miles north and south of Columbia's track to
see if anything fell into the Pacific Ocean and washed ashore, Humphries said. No debris west of
Littlefield, in the Texas panhandle, has been confirmed. [“More debris to arrive at KSC today,” Florida
Teday, March 4, 2003, p 2A.]

@ Tires and debris recovered from the space shuttle Columbia suggest that the left tires blew out and
superheated gases were flowing out of the left wing’s wheel well, investigators said Tuesday. The
independent board looking into what brought down the doomed orbiter cautioned that the new evidence,
while tantalizing, leaves many questions unanswered. “We believe that it’s possible that the tires on the
left side blew out,” said Roger Tetrault, a member of the Columbia Accident Investigation Board. “The
blowout of the tires would have been a very catastrophic event.” The threads from the two left tires were
“basically pulled apart,” he told reporters in Houston. In contrast, the tires from the right wing look more
like those from a more normal airplane accident, Tetrault said. Whether the blowout took place before or
after the orbiter began disintegrating remains unknown. Until contact was lost with the shuttle, the data
transmissions indicated the tire pressure was normal, said board chairman retired Navy Adm. Harold
Gehman. Web posted. (2003). [Debris suggests shuttle tires blew out [Online]. Available WWW:
http://www.cnn.com/ [2003, March 4].]

€ Analysts combing through shuttle Columbia's wreckage found molten aluminum and stainless steel
inside the front edge of the orbiter's left wing and aluminum residue sprayed on the underside of both
wings. "I don't know exactly whether that is coming from the event or whether that's coming from re-entry
heating," said Roger Tetrault, a member of the Columbia Accident Investigation Board, the group
examining the Feb. 1 shuttle accident. Experts analyzing the debris at Kennedy Space Center found this
weekend that a thick soot-like substance on tiles on the wing had a high concentration of aluminum, the
same metal that forms the orbiter's support structure. "That deposit has never been seen on any previous
flights," Tetrault said. Tetrault said teams are not recovering much of the aluminum structure, so the soot
may show what happened to it. They also saw some of the molten metal on the underside of the right wing,
but not to the same extent. Behind the front part of the wing, investigators said both melted aluminum and
stainless steel were found. The structure that supports the reinforced carbon-carbon is made of stainless
steel, which melts at about 2,500 degrees. Tetrault said that melted metal was found on fittings that support
the four reinforced carbon-carbon panels closest to the body of the orbiter. More metal was found on the
inside of panels farther out on the wing. The front edge of the aluminum wing is flat. Attached to the front
of each wing is a series of 22 U-shaped pieces made of reinforced carbon-carbon designed to limit heating
of the aluminum structure to 350 degrees. Between each segment is a seal, made of the same material. The
seals allow the segments to move side to side and expand slightly under the intense pressure and heat they
bear during reentry. A coating is applied to further protect the carbon-carbon surface. The area has been hit
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by debris before during a 1992 mission. Investigators said they are looking at one of the seals being
damaged during the mission. The board has said they believe that somehow, superhot gas that builds up
beneath the shuttle on re-entry found a way inside the left wing. [“Investigators find melted metal on heat
shield tiles,” Florida Today, Wednesday, March 5, 2003, p 3A.]

€ Apparently fed up with the speculation, NASA Administrator Sean O'Keefe passionately defended the
National Aeronautics and Space Administration's network of flight controllers, problem solvers and
managers who concluded Columbia had not been seriously damaged by foam that broke off the external
tank during launch. "It seems pretty clear here there wasn't anything I've seen or anybody else has hinted at
that would suggest malice, or complacency or indifference,” O'’Keefe told reporters gathered at NASA
headquarters Tuesday. The space agency chief held out the possibility that the Columbia Accident
Investigation Board will conclude NASA's decision-making process was flawed. "We are wide open for
that. We are ready for that finding," he said. But O'Keefe appeared more concerned by what he said is the
media's push to place blame for the Columbia disaster before the investigation board finishes its work.
"We need to step back just a bit and not jump and reach a judgment about others' judgment until we see its
overall context and then make a determination,” O'Keefe said in his second appearance before reporters in
four days. O'Keefe's comments were echoed by William Readdy, a veteran shuttle astronaut who is now
associate administrator for human space flight. Among the first group of astronauts who returned the
shuttle fleet to space after the Challenger explosion in 1986, Readdy said NASA does a much better job
now of assuring flight safety. [“NASA chief defends agency,” Florida Today, Wednesday, March 5,
2003, p 3A.]

@ The families of the Space Shuttle Columbia (STS-107) crew have requested NASA to release the
following letter to the media and public. "The families of the Space Shuttle Columbia crew are deeply
grateful for the generous outpouring of support and affection we have received from around the world over
the past three weeks. "Many people have asked how they can honor the STS-107 crew and assist our
families during this difficult time. There are several charitable funds that have been established on our
behalf. Information about these funds can be found at: www.columbiashuttlefund.com "Sincerely, The
Columbia Crew Families" [“A Letter to America From the Columbia Crew Families,” NASA News
Release #03-092, March 4, 2003.]

MARCH 5: Searchers combing for pieces of space shuttle Columbia over the weekend became sickened
by fumes, but they probably weren’t exposed to chemicals from the downed spacecraft, officials said
Wednesday. Three of the 46 searchers were hospitalized after being affected by fumes during Sunday’s
search. The team was composed of wilderness firefighters and officials from NASA and the
Environmental Protection Agency. Searchers described a hole in the ground that was emitting a chemical
smell. “We do not think it’s related to the shuttle debris,” said EPA spokesman Dave Bary. Web posted.
(2003). [Chemical fumes sicken shuttle searchers [Online]. Available WWW: http://www.cnn.com/ [2003,
March 5].]

@ Investigators are sifting through debris from shuttle Columbia for potentially crucial video, audio and
computer evidence that could help explain the ship’s Feb. 1 breakup over central Texas. Dozens of
cameras, recorders, computers, tapes and rolls of film aboard Columbia could hold data on the shuttle’s last
minutes. Unlike other debris that is shipped to Kennedy Space Center, items on this list are being sent
directly to the manufacturer or to Johnson Space Center in Houston for analysis. “We continue to put a
high emphasis on recovering anything that holds data,” said retired Navy Adm. Harold W. Gehman Jr.,
chairman of the panel investigating the Columbia accident. One of the few finds made pubic so far — a
video filmed by the crew members during their ill-fated re-entry — documents 13 minutes from the early
stages of the astronauts’ return home. Three of the most sought-after items are cameras that were mounted
on Columbia’s belly where propellant lines from the external fuel tank enter the shuttle. Foam insulation
broke free from the tank about 82 seconds into flight and struck Columbia’s left wing, possibly damaging
the shuttle’s protective heat panels and tiles. Other items investigators would love to find include
Columbia’s two operational recorders. Dubbed the “ops recorders” for short, the devices were the closest
thing Columbia had to the so-called black boxes flown aboard commercial aircraft. Recordings of the
crew’s conversations over the shuttle’s intercom system would be stored there along with air-to-ground
communications and telemetry data from the orbiter’s systems. Investigators are searching for other
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recorders as well. A payload recorder usually is operated from the ground by flight controllers and dumps
data from the shuttle during the mission. Computers from Columbia’s computer and flight-control systems
also are high on investigators’ wish list. The shuttle contains five general-purpose computers that control
the orbiter’s basic functions. Each of the 64-pound IBM computers has memory areas for recording data.
Columbia also carried a dozen laptop computers used primarily for operations orbit. Some flight-control
data are displayed on the laptops, but the computers are stowed for re-entry. Investigators are searching as
well for parts of Columbia’s high-tech electronic display panels from the shuttle’s glass cockpit. The
displays show the shuttle’s flight instruments, gauges and warning messages. [“Tapes, computers may spit
out clues,” Orlando Sentinel, March 6, 2003, p Al & Al3.]

€ The board investigating the causes of the shuttle Columbia accident added three members Wednesday,
including former astronaut Sally Ride. Ride, the first U.S. woman in space and a member of the 1986
presidential commission that investigated the Challenger explosion, will be joined by space policy expert
John Logsdon and Douglas Osheroff, a Nobel Prize-winning physicist. Retired Adm. Harold W. Gehman
Jr., who is chairing the accident investigation, asked NASA Administrator Sean O’Keefe to add the three.
Also at Gehman’s request, astronaut Michael Bloomfield will replace Bryan O’Connor, who had been one
of the NASA staff members supporting the board. [“Sally Ride, 2 others join shuttle probe,” Orlando
Sentinel, March 6, 2003, p A13.]

MARCH 6: Shuttle program manager Ronald Dittemore, testifying today before the Columbia Accident
Investigation Board, said safety is the agency's "lifeblood" and that his door is always open to any lower-
level engineer who might be worried a safety issue is not being properly addressed. Making his first public
appearance since a round of high-profile news conferences immediately after the Columbia disaster,
Dittemore said the system currently in place ensures critical information and safety concerns make their
way up to senior managers and that this culture of safety is firmly in place across the manned space
program. "All I can say is we cultivate that culture,” Dittemore said. "Anybody can come and walk in my
office and say they've got a problem. Anybody can walk into any of our senior (managers') offices, say they
have a problem and we will listen to then. I would be very disappointed if I found it to be otherwise."

But Harry McDonald, former director of NASA's Ames Research Center and chairman of a 1999
independent review of shuttle systems and maintenance practices, said the system can only work if it's
based on the correct assumptions about what constitutes risk and if a system is in place to help managers
access technical data. "I have no concern at all that people like Ron Dittemore, presented with the facts,
will make the right decision," McDonald said today. "No concern at all on that issue. The concern is
presenting him with the facts and many of them are buried deep." Many of the major recommendations
made by McDonald's panel - the Space Shuttle Independent Assessment Team - were implemented by
NASA. But others were not. McDonald said the agency continues to rely on archaic database technology
that makes it difficult to quickly search for relevant test results across the program's history. Case in point is
concern about potential damage to the shuttle's protective heat shield tiles from impacts by foam insulation
ripping free of the ship's external fuel tank during launch. A large piece of debris fell off Columbia's tank
81 seconds after liftoff Jan. 16 and struck the underside of orbiter's left wing. Columbia was destroyed Feb.
1 when a breach in the left wing, possibly caused by the foam impact, allowed super-heated air to burn its
way inside, ultimately triggering the shuttle's aerodynamic breakup 207,000 feet above Texas. All seven
crew members were killed. During the flight, engineers carried out an analysis based on earlier tests and
extrapolated from that data to conclude that while Columbia's wing might suffer significant damage, there
was no safety of flight issue. Web posted. (2003). [Columbia investigators begin public hearings into
accident [Online]. Available WWW: http://www.spaceflightnow.com/ [2003, March 6].]

@ NASA's space shuttle manager admitted Thursday that the loss of hundreds of experienced California
shuttle engineers last year was a major problem, but said the space agency had dealt with it successfully.
In the first public hearing of the Columbia Accident Investigation Board, shuttle manager Ron Dittemore
was quizzed heavily on work force issues and their relation to flight safety. Air Force Gen. John Barry
asked about the transfer of hundreds of contract engineering support jobs to Johnson Space Center and
shuttle overhaul jobs to Kennedy Space Center. Of the 500 engineering support positions that were
transferred, only 100 California employees elected to move. The rest had to be newly hired. Barry wanted
to know if the moves, along with a study of privatization, were "too much all at one time."” Dittemore said
no. But among the jobs that moved were the Boeing engineers who provided the in-flight analysis that
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debris hitting Columbia’s wing on liftoff wouldn't be a safety problem at landing. The shuttle was destroyed
after superheated air entered its left wing on descent to Earth Feb. 1. The liftoff debris hit is a key suspect.
Dittemore said NASA was acutely aware of how many people were being lost in the move. Managers met
regularly and knew "by name, by individual, who was coming, who wasn't coming." Many of the new
hires in Houston ended up having previous shuttle experience with other contractors, Dittemore said. Those
who didn't received extra oversight, he said. "I cannot overstate the fact that it was a difficult task, overall,”
Dittemore said. Still, he defended the geographic moves. In the long run, it made sense for engineering
support, formerly in Huntington Beach, Calif., to be located in Clear Lake along with operations and
management, he said. Closing the Palmdale, Calif., shuttle maintenance facility in favor of Kennedy Space
Center made sense because California workers routinely got laid off between shuttle rehabilitations,
Dittemore said. By having all hands-on shuttle work in Florida, an experienced, long-term work force
would be developed. Dittemore said that after the move, each engineering support team in Houston was
essentially labeled as having enough experience or not. Those who weren't received extra supervision.

He did not say which way the debris analysis team had been labeled. Boeing spokesman Ed Memi said,
"Everybody felt comfortable with the experience level of the people on the analysis team. The people
directly involved with the analysis were experienced and certified. There may have been some newbies, but
they would have been working in a support role.” Web posted. (2003). [Shuttle chief admits to staff
attrition [Online]. Available WWW: http://www.HoustonChronicle.com/ [2003, March 6].]

€ Alaw enforcement officer accused of pilfering debris from space shuttle Columbia has been charged
with stealing government property. Four people now have been indicted on charges alleging they stole
shuttle parts that landed in East Texas after Columbia broke apart Feb. 1. Web posted. (2003). [Space
Shuttle Debris Indictments [Online]. Available WWW: http://www.cbsnews.com/ [2003, March 6 1].]

€ Seventeen years of successful shuttle flights made NASA managers complacent or overconfident
about the aging and complex spacecraft, Columbia investigators were told Thursday. In the first public
hearing by the independent investigators, a former top official testified Thursday that NASA decision-
makers accepted risks based on past success, an analysis that provoked memories of similar findings by the
presidential commission that investigated the 1986 Challenger explosion. "There was a basic flaw in the
reasoning of many well-intentioned people,” said Henry "Harry" McDonald, the former director of NASA's
Ames Research Center in California. With each successful mission, McDonald said NASA leaders
convinced themselves the odds of catastrophe decrease when they do not. McDonald, and several members
of the Columbia Accident Investigation Board, suggested several times that NASA may be treating the
aging shuttles as "operational" vehicles, like passenger jets, rather than the complex research and
development vehicles they still are after more than 100 flights. Two other witnesses testifying Thursday,
shuttle program manager Ronald Dittemore and Johnson Space Center director Jefferson Howell, disagreed
with any suggestion the agency underestimates shuttle risks or does not put the highest possible emphasis
on safety. Both testified they were comfortable with how the program, and safety, are managed within
NASA. They also said the agency has enough government inspectors in place to oversee shuttle
contractors. Safety drives everything shuttle workers and managers do, Dittemore said. [“Successes made
NASA complacent, expert says,” Florida Today, March 7, 2003, p 1A & 7A.]

@ Some of the foam insulating the shuttle’s external tank can absorb water, which could freeze once the
tank is loaded with supercold liquid fuels an expert from The Boeing Co. testified Thursday. Keith Chong,
who has worked with the North Carolina-made foam used on both the shuttle and his company’s Delta 4
rocket, contradicted previous statements made by NASA that the foam is impervious to water and therefore
would not have delivered a heavy blow to the orbiter’s heat shield during launch. The distinction is
important because it raises the possibility that foam falling from the tank could be heavier than NASA and
contractor analysts thought when they were studying how much damage might have been done to
Columbia’s left wing during launch Jan. 16. The Boeing Co.’s analysis on the debris strike focused on
“light foam, dismissing the notion that the falling chunk could be ice falling from the same area of the tank
or much heavier foam that had become wet and then frozen. [“Boeing expert: Foam could absorb water,”
Florida Todayv, March 7, 2003, p 7A.]

€ NASA’s administrator urged Congress on Thursday to allow the space agency to change the way it
recruits and retains its brightest scientists and engineers. Administrator Sean O’Keefe warned that NASA
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faces dangerous shortages because of looming retirements and fewer college graduates with skills it needs.
O’Keefe described the situation as “alarming” at a Senate Hearing, and said the agency’s specialized
employment requirements were destined for crisis unless lawmakers approved changes. O’Keefe said the
situation was especially poignant, given questions about NASA’s future after the Columbia accident. The
agency has been lobbying for these changes for more than a year. It employs about 19,000 people
worldwide. [“NASA asks for hiring flexibility,” Florida Today, March 7, 2003, p 8A.]

€ NASA is studying five broad changes to space-shuttle hardware and operations that could be in place
before the fleet returns to flight. * Redesigning foam insulation on the external fuel tank around the spot
where the orbiter is attached to the tank with a pair of struts. *Finding a way to fix the shuttle's thermal-
protection system in orbit. * Improving ground-based photo and radar coverage of the shuttie during
launch. * Installing cameras aboard the shuttle for additional photo coverage of launch. * Exploring
possible changes to the shuttle's trajectory during re-entry to minimize heating on the wing's leading edges
and protective thermal tiles. All the potential improvements are issues that have surfaced in the wake of
shuttle Columbia's Feb. 1 breakup during re-entry that killed seven astronauts. The move is significant
because it could shorten the time needed to return the shuttle fleet's three remaining orbiters to flight.
Managers at the National Aeronautics and Space Administration insist any major changes in design or
operations must wait until the cause of Columbia's accident is pinpointed and an investigative board has
released its findings and recommendations. By anticipating some of those possible changes, however, the
shuttle program could be ready to move ahead more quickly once the panel's work is done. [“NASA
ponders 5 safety changes,” Orlando Sentinel, March 7, 2003, p Al & Al4.]

@ A spacecraft designed to look at some of the oldest processes in the inverse, as well as budding
planets, arrived by truck on Thursday at Kennedy Space Center. The Space Infrared Telescope Facility, or
SIRTEF, is scheduled for launch April 15 at 4:34 a.m. on a Boeing Delta II rocket. It was shipped to Florida
from the Lockheed Martin plant in Sunnyvale, Calif. The spacecraft faces further tests in a NASA hangar
at Cape Canaveral Air Force Station. The rocket is still being prepared. The second stage is to be lifted
onto the rocket on Wednesday at Pad 17B at the Air Force station. [“Infrared telescope arrives at KSC,”
Florida Today, March 7, 2003, p 1B.]

MARCH 7: With the Air Force Honor Guard, his family and many of his fellow astronauts looking on,
Michael Anderson, a payload specialist on the space shuttle Columbia, was laid to rest Friday at Arlington
National Cemetery. Two other Columbia astronauts, mission specialists Laurel Clark and David Brown,
will be buried at Arlington next week. [“Arlington burial honors Anderson of Columbia crew,” Orlando
Sentinel, March §, 2003, p A13.]

€ Linda Ham, a top-level space shuttle program manager and the leader of NASA's Mishap Response
Team, on Monday will be replaced in her role in the Columbia investigation, agency sources said Friday.
Randy Stone, deputy director at Johnson Space Center in Houston, will become a liaison to the independent
board probing the Feb. 1 loss of Columbia, the sources said. As the head of the mishap team at JSC, Ham
has been the main liaison to the board. But retired Adm. Harold W. Gehman Jr., chairman of the
investigation board, asked NASA Administrator Sean O'Keefe to move some of the employees closest to
the shuttle program back to their regular jobs, to avoid anyone having to investigate his or her own work.
The National Aeronautics and Space Administration will announce Monday which employees will be
working with the Gehman board -- and who will be moved away, Glenn Mahone, the agency's associate
administrator for public affairs, said Friday. He would not identify the employees. Ham and several others
on the mishap team also sat on the Mission Management Team during Columbia’s 16-day mission. That
group is responsible for dealing with any issues that arise during a shuttle flight -- and, in the case of
Columbia, made crucial decisions about whether debris that hit the orbiter during launch had done enough
damage to threaten the shuttle on re-entry. Also Friday, the investigation board decided to add another
working group to look at NASA's culture, board spokeswoman Laura Brown said. [“Investigators will
drop a key shuttle manager,” Orlando Sentinel, March §, 2003, p A13.]

MARCH 8: A federal panel is probing why NASA thought it was safe to launch two shuttles, including

Columbia, after Atlantis was struck in October by fuel tank insulation -- a hazard that engineers thought
needed to be corrected. NASA established a team to solve the problem after a chunk dislodged from
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Atlantis during liftoff and struck a booster rocket Oct. 7. Even though engineers developed or were
developing safety improvements, NASA launched Endeavour Nov. 23 and Columbia Jan. 16 without
making any adjustments to the shuttles' fuel tanks. In coming weeks, the Columbia Accident Investigation
Board will try to learn the basis of NASA's rationale for launching despite knowing of hazards posed by
flying insulation, a source close to the board said. About 80 seconds after launch, insulation or some other
debris appeared to blow off the external fuel tank's bipod -- the area where the orbiter connects to the tank -
- and strike Columbia's left wing. Investigators believe a hole in the left wing allowed superheated gases to
penetrate the shuttle’s skin. After Atlantis' launch, NASA's engineers developed a better way to apply
insulation but did not immediately implement the changes because dislodged debris was viewed as causing
only minor damage to an orbiter, said Parker Counts, a deputy administrator in the shuttle program.

NASA had no plans to re-do insulation on eight completed external fuel tanks. Improvements would be
introduced only on future fuel tanks assembled at a New Orleans plant, Counts said. "It was not an issue
that was of inordinate concern," Counts said. Flying debris often caused minor damage to shuttles’ tiled
underbellies. This damage, however, was viewed as a maintenance, not a life-threatening issue, NASA
Administrator Sean O'Keefe has said. NASA's view, however, has changed since Columbia disintegrated
over Texas, killing seven astronauts. In a Feb. 27 memo, Ron Dittemore, shuttle program manager, wrote
that a solution to dislodged insulation needed to be found as part of NASA's preparation to return shuttles
to flight. Web posted. (2003). [Panel probes why flight made after Atlantis hit [Online]. Available WWW:
http://www.HoustonChronicle.com/ [2003, March 8].]

€@ Working through a process of elimination, NASA engineers are focusing on 10 major failure scenarios
- and combinations thereof - to explain what went wrong during the shuttle Columbia's catastrophic re-
entry Feb. 1. Several of those scenarios, outlined in general in a March 7 report, assume a breach at or near
the leading edge area of Columbia’s left wing and a resulting plume of super heated air that burned its way
into the wing's interior. Heat damage in recovered wreckage and telemetry from the doomed ship indicate
the deadly plasma may have worked its way into the left landing gear wheel well and then burned through
seals around the left landing gear door. Many NASA investigators believe such a scenario, or a variation of
that chain of events, best explain the sensor failures and temperature readings downlinked during
Columbia's final minutes as well as burn damage on wreckage recovered to date. But other failure scenarios
are possible as well and NASA has assigned teams to work through each one in exhaustive detail to
determine which ones best fit the existing data and debris damage patterns, agency sources say. The
analysis is being carried out as part of NASA's support of the independent Columbia Accident Investigation
Board, which has the final say in determining what happened to Columbia and, more important, why it
happened. While the leading edge of the left wing is clearly an area of prime focus, engineers have not yet
ruled out a burn through from the bottom of the wing, either in an area of presumably widespread tile
damage or because of damaged tiles and seals at or near the landing gear door itself. But nearly all of the
scenarios under discussion involve presumed breaches toward the front, inboard section of the wing, from
the landing gear door forward. And again, NASA sources and others close to the accident investigation
board say a breach in the leading edge area is among the most plausible failure scenarios to emerge so far.
Web posted. (2003). [NASA works to eliminate failure scenarios [Online]. Available WWW:
http://www.spaceflightnow.com/ [2003, March 8].]

€@ On shuttle Columbia's maiden voyage, astronauts John Young and Robert Crippen took a moment to
savor a view of Earth from America's first reusable spacecraft. Then they trained their eyes on a disturbing
sight. Turbulence from the launch had dislodged more than a dozen heat-shield tiles from near the orbiter's
tail. A shuttle's thermal protection, which includes thousands of tiles, insulating blankets and carbon
plating, prevents the inferno of re-entry from destroying an aluminum vessel that otherwise couldn't stand
the heat of a pizza oven. But missing tiles during that first shuttle flight were hardly a surprise. By then,
problems with the complex puzzle of ceramic tiles had dogged engineers for almost a decade, playing a
major role in delaying by more than two years the first shuttle flight, which was finally launched in April
1981. When it came time for Columbia to come home, though, the problematic system defied concerns. It
wasn't perfect -- but it worked. "We certainly saw right off the bat that we had lost a few tiles," said Neil
B. Hutchinson, a flight director for Columbia's first mission. "We were not happy that they weren't there
but based on what the [NASA support] team was saying we were OK." During the next two decades, the
space agency would learn to accept the risks of an average of more than 100 missing or damaged tiles
during each mission. And during that period, NASA engineers made little progress in significantly
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improving the flawed thermal-protection system beyond its original design or in giving astronauts the
ability to fix damage in space. Yet both those initiatives have been given renewed urgency in recent weeks,
during the probe of Columbia'’s disintegration during re-entry Feb. 1. Investigators are looking at whether
there was critical damage to heat shielding on the left wing. The area of concern includes high-strength
plating called reinforced carbon-carbon along the wing's leading edge. The damage may have been the
result of a 500-mph blow from more than 2 pounds of foam insulation that broke off the rocket's external
tank 82 seconds after launch. [“Idea of tile repairs in space faded after 1* shuttle flight,” Qrlando
Sentinel, March 9, 2003, p Al & A18.]

@ The launch of Boeing’s Delta 4 rocket was scrubbed Saturday night because of technical problems that
could not be solved during the 77-minute launch window. A second attempt is planned for March 9 from
6:43 to 8 p.m. The weather outlook calls for a 60 percent chance of acceptable launch conditions.

[“Boeing scrubs Delta 4 launch,” Florida Today, March 9, 2003, p 1A.]

MARCH 9: Ongoing analysis of the final two seconds of telemetry from the shuttle Columbia during re-
entry Feb. 1 shows the doomed ship's fuselage, crew module, right wing and right-side rocket pod were
essentially intact 32 seconds after the commander's final transmission and that the orbiter's digital autopilot
was still flying the spacecraft. A computer alarm generated in that final two seconds of data suggests one of
the pilots' joystick hand controllers may have been briefly engaged, but the autopilot was never deactivated
before contact was lost. By that point, however, there was nothing the crew could have done to stop the
quickening disaster. The telemetry shows Columbia's left wing and left-side orbital maneuvering system
rocket pod were either gone or severely damaged, the ship's hydraulic system was empty, its flash
evaporator cooling system was in shut down and multiple computer alarms were being generated because
of lost data from the orbiter's left side orbital maneuvering system rocket pod. Guidance and navigation
data show the shuttle was in an "uncommanded" orientation, yawing rapidly to one side, presumably
toward Earth, in what may have been the start of a banking tumble. The yaw rate - a measure of how fast
Columbia's nose was swinging to one side - was at least 20 degrees per second, the maximum value the
sensors are designed to measure. The actual yaw rate may have been higher. That same two seconds of
“ratty” telemetry shows one of the cockpit's two rotational hand controllers, or joysticks, may have been
briefly engaged as early as 9:00:01.7 a.m. That was nearly 30 seconds after Commander Rick Husband's
final interrupted transmission to Houston at 8:59:32 a.m. But the timing is uncertain because of the duration
of software-driven data sampling rates. The final bit of telemetry, however, shows Columbia digital
autopilot was still in control when the flow of data finally ceased and that the hand controller was in its
normal "centered” position. As such, it is not known whether the RHC was bumped inadvertently by the
commander or pilot or whether one of them intentionally gripped the stick with thoughts of taking over
manual control. It is also possible both scenarios are false. Data from this final two-second period was
corrupted by transmission errors and as such, it is subject to error or misinterpretation. But it was included
as part of revision 14 to NASA's STS-107 Mishap Investigation Master Timeline, a revision that was never
released, sources say, because an updated version is in the final stages of preparation. At least some of the
data in revision 14 may have been corrected, eliminated or expanded in the latest revision. This status
report will be updated as warranted when the new revision is released. In any case, engineers now believe
the main body of the spacecraft did not begin breaking up until nearly 20 seconds after the final two-second
burst of telemetry. Vehicle breakup was preceded by the separation of at least three major pieces of debris
beginning around 9:00:02 a.m., at almost the same instant the final two seconds of telemetry began flowing
back to Earth after a 25-second data dropout. The timeline also includes more than a dozen "debris
shedding" events recorded by observers on the ground as Columbia crossed above California and the
southwestern United States. The first such confirmed instance of debris falling away from the shuttle
occurred around 8:53:44 a.m., 18 seconds after the spacecraft passed above the California coast just north
of San Francisco. Web posted. (2003). [Telemetry shows autopilot on through last transmission [Online].
Available WWW: http://www.spacetlightnow.com/ [2003, March 9].]

€ The Boeing Co. Sunday again delayed the launch of a Delta IV rocket carrying a $200 million defense
communications satellite due to the potential for high winds. Engineers will use the delay to make “minor”
repairs following Saturday’s attempted launch, according to Boeing officials. Web posted. (2003). [Delta
IV rocket launch delayed again [Online]. Available WWW: http://www.cnn.com/ [2003, March 9].]
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MARCH 10: On what would have been her 42nd birthday, Laurel Clark was laid to rest with military
honors at Arlington National Cemetery today. She will be buried beside two other Columbia crew mates
and just a few feet from where the unidentified remains of Challenger astronauts are interred beneath a
granite memorial. Web posted. (2003). [Astronaut’s love of life remembered in Arlington funeral [Online].
Available WWW: http://www.cnn.com/ [2003, March 10].]

€ Boeing’s Delta 4 rocket lifted off from pad 37B at Cape Canaveral Air Station at 7:59 p.m. EST. The
launch was the Air Force’s first Evolved Expendable Launch Vehicle mission. Web posted. (2003). [Delta
4 rocket successfully begins military service [Online]. Available WWW: http://www.spaceflightnow.com/
[2003, March 10].]

€ While investigators try to piece together why Columbia disintegrated during reentry killing its crew, a
NASA-backed move is underway to upgrade space shuttle systems and hardware to sustain decades more
of flight. Government, industry and university experts are set to hold a Space Shuttle Life Extension
Program Summit, to be held March 19-20 at the NASA Michoud Assembly Facility near New Orleans,
Louisiana. The high-level summit was far along in its planning prior to the Columbia accident, and takes on
added importance in charting the future of the space shuttle program. The first Space Shuttle Service Life
Extension Program (SLEP) Summit will focus on how to maintain and upgrade the overall space shuttle
system. Taking part in the two-day summit, NASA will join with representatives from other government
agencies, industry and academia. Central to discussions is assuring that all critical assets are in place to
safely and effectively fly the space shuttle through at least the middle of the next decade. Web posted.
(2003). [Summit to Focus on Upgrading Space Shuttle Fleet [Online]. Available WWW:
http://www.space.com/ [2003, March 10].]

€ A Shuttle landing gear expert said Monday his dire predictions of troubles Columbia might face
during re-entry got exactly the attention it deserved from mission controllers in Houston. Robert Daugherty
said e-mails he wrote colleagues in the days before Columbia's disastrous re-entry Feb. 1 are being mis-
characterized by reporters as ignored warnings. "It looks more extreme to you than it does to me, [ guess,"
Daugherty said about some of the language he used in e-mails to mission controllers and other NASA
engineers. Daugherty's e-mails got attention because, when mission control asked him what might happen
if Columbia tried to land with its left landing gear damaged, his analysis was very close to events that
actually transpired in the final moments of the shuttle's flight on Feb. 1. In a teleconference with reporters
Monday, Daugherty said his suggestions of a belly landing, crew bailout or worse because of crippled
landing gear were meant to give flight controllers the chance to think over their options and get ready for
the worst. The e-mails were part of a what-if debate among engineers that NASA said never reached the
flight director or other decision-makers at Johnson Space Center. Daugherty said his analysis got where it
was supposed to go and flight controllers had serious talks about options. [“Engineer says his e-mails got
appropriate attention,” Flerida Today, March 11, 2003, p 3A.]

€ Russian space officials are warning that the international space station will have to be mothballed
unless the United States or another partner in the huge project comes up with $100 million to pay for more
Russian spacecraft to supply a skeleton crew on the station. Alexei Krasnov, deputy head of international
cooperation for the Russian space agency, Rosaviakosmos, said that Russia along has been called on the
keep the football-field-sized station supplied after NASA grounded it three remaining shuttles last month.
[“Space station needs cash or it will close, Russia warns,” Florida Today, March 11, 2003, p A7.]

MARCH 11: The search and recovery mission for debris and human remains from the shuttle Columbia
has cost more than $137 million and counting, according to federal officials. The spending total as of
March 6 was $137,855,547 including personnel, payroll, travel and other costs, the Federal Emergency
Management Agency reported. That included $349,067 for state and local government costs being
reimbursed to Louisiana and $244,512 for Texas, FEMA spokesman James Shebl said Monday. Those two
states have been the prime focus of the effort, although there have been searches in other states. Those state
and local reimbursements are expected to rise, he said, noting that some local officials are "still filling out
the forms" to receive assistance. Expenses eligible for reimbursement include search and recovery costs,
emergency medical care, security in the affected area and activation of emergency operations centers,
FEMA said. FEMA, a formerly independent agency now a part of the Department of Homeland Security,
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was put in charge of the recovery effort following the breakup and crash of Columbia on February 1. Parts
of the shuttle were scattered over a wide area of the two states. Starting in mid-February, more than 3,000
workers per day have searched 103,000 acres (41,200 hectares), collecting 22,100 pieces of material. As of
March 6 the search was using 32 helicopters and nine fixed-wing aircraft; seven boats and underwater
sonar units were searching lakes and reservoirs. Web posted. (2003). [Shuttle recovery cost now $137
million [Online]. Available WWW: http://www.cnn.com/ [2003, March 11].]

@ The Columbia Accident Investigation Board today showed video of Columbia's launching that
indicates foam debris falling away from the ship's external fuel tank slammed into the lower leading edge
of the orbiter's left wing within a few feet of where it merged with the fuselage. The board also revealed
that 20 seconds before the foam fell away from the so-called "bipod ramp” area of the tank just under the
shuttle's nose, Columbia rocketed through unusually high wind shear. The steering system in the shuttle's
left-side solid fuel booster swiveled the rocket's nozzle slightly to counteract the effects of the shear,
putting some additional stress on the left side of the vehicle. This event occurred three seconds or so after
Columbia endured "max Q," or maximum dynamic pressure. This number varies from flight to flight, but
for Columbia, it was around 741 pounds per square foot. Whether that had anything to do with any
subsequent damage to the wing is not yet known, but investigators are looking into the matter. "At 62
seconds on launch, we saw one of the larger transients we've seen on the solid rocket motor," said Maj.
Gen. John Barry. "It was well within parameters, but interestingly enough, the two largest ones we've seen
on ascent both happen to be Columbia, both happen to be going on 39-degree inclinations (trajectories),
both have lightweight tanks. So we're trying to identify if there's any commonality there as an additional
stress load on the left-hand side of the orbiter, because it was with the left solid rocket motor that had this
input." Investigators also are looking into pre-launch repair work in the bipod area of the external tank
where foam insulation can be seen breaking away 81 seconds after launch. The shuttle's nose is attached to
the forward part of the tank by a two-strut bipod. Just in front of each strut, where they attach to the tank, is
an incline made of shaved foam that serves to reduce stress and minimize turbulence as air flows over the
area during ascent. Because of schedule changes prompted by the grounding of the shuttle fleet last year
due to engine propellant line cracks, Columbia’s tank was removed from the boosters that originally were
stacked for the mission. Those boosters were used for a different flight. Columbia's tank subsequently was
attached to a different set of boosters. During this process, engineers wrote up a "problem report" on
damage seen near the left bipod ramp area, but the matter was closed out after a visual inspection. The
nature of the damage, and what role, if any, it might have played in the subsequent separation of foam from
that area is not yet known. Regardless of what factor or combination of factors led to the initial damage in
Columbia’s left wing, investigators increasingly believe a breach at or near the leading edge of the wing,
near where it joined the fuselage, led to Columbia's destruction. A jet of super heated plasma appears to
have burned its way into the interior of the wing and ultimately into the left landing gear wheel well. Web
posted. (2003). [Board studies wing edge, wind shear, foam repair [Online]. Available WWW:
http://www.spaceflightnow.com/ [2003, March 11].]

€ NASA engineer who warned that "getting information was being treated like the plague" defended
the space agency Monday, saying his e-mails warning of "catastrophic"” results for the space shuttle
Columbia were handled appropriately. "The perception that my e-mails weren't taken seriously, frankly, I
don't know where that came from," said Robert Daugherty, a senior research engineer at NASA's Langley
Research Center. "I thought my e-mails were absolutely taken seriously." Daugherty and several NASA
engineers took part in an e-mail exchange that pondered the possibility of Columbia's loss as late as the day
before the craft broke up February 1, but those e-mails were not shared with top agency officials. The
engineers involved in the exchange were not responsible for assessing possible damage to the orbiter
caused by pieces of foam that broke away from the shuttle's external fuel tank 81 seconds after launch. That
analysis was completed by two teams of engineers who work for shuttle contractor Boeing. The Boeing
studies, which did rise to the highest levels of the shuttle program, suggested that the damage to the heat-
shielding tiles might require repairs but was not extensive enough to cause the catastrophic loss of the
vehicle and crew. In his first public remarks since the accident, Daugherty backed NASA's position, saying
his e-mails were not warnings but rather examples of employees engaging in cautionary analyses,
something the space agency encourages. But in a January 29 e-mail to a colleague, Daugherty, an 18-year
NASA veteran who is an expert on the orbiter's landing gear, expressed reservations about the tile-damage
assessments performed by the Boeing teams in Huntington Beach, California. He wrote, "... They think
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things are 'survivable,' but marginal.' "The amount of damage was in some respects unknown. That
combined with talking these scenarios [through] with colleagues ..., there was some uneasiness there," he
said Monday. "But I certainly believed everything was going to be perfectly fine." When Columbia
disintegrated over Texas, killing the seven-member crew, he said, he instantly thought of the e-mails
warning of the risks. "Certainly, that is the first thing that ran through my mind," he said. "I was certainly
hoping something like that wasn't the case.” Daugherty sought permission from NASA's independent
investigation board to speak to reporters because he felt some of his e-mail comments had been
misconstrued. His comment classifying getting information as "being treated like the plague” was related to
simulations being run at the Ames Research Center in California and not to the space agency as a whole, he
said. Web posted. (2003). [Engineer who raised red flag defends NASA [Online]. Available WWW:
http://www.cnn.com/ [2003, March 11].]

2 Negotiations for a new, three-year labor agreement are under way between workers at Kennedy
Space Center’s Visitor Complex and Delaware North Parks Services of Spaceport, which has a contract
with NASA to manage Brevard County’s top paid tourist draw. A sizable majority of the Visitor Complex
workers, members of the International Association of Machinists and Aerospace Workers District
166/Local 773, turned down one contract offer Friday. Another vote could come sometime within the next
two weeks. A union official said a strike is possible, although that is a scenario neither side wants. The
employees — both full-time and part-time — work in fields such as guided tours, group and individual ticket
sales, retail sales, food service and bus loading. [*“Visitor center union rejects pact,” Florida Today,
March 12, 2003, p 1C & 2C.]

@ The process of detaching shuttle Atlantis from its external fuel tank was under way Tuesday in the
Vehicle Assembly Building at KSC. The orbiter is being separated from the tank and solid rocket boosters.
By the end of the week, Atlantis should be rolled over to an orbiter processing facility, where maintenance
and storage will be easier. It was scheduled to launch this month on a mission to the International Space
Station, but the shuttle fleet is grounded pending the outcome of the Columbia investigation. [“KSC begins
separating Atlantis from fuel tank,” Florida Teday, March 12, 2003, p 1B.]

® A pair of Mars robots have arrived at Kennedy Space Center for their summer launches. A second
rover bound for Mars this summer arrived in a truck late Tuesday afternoon after making the cross-country
trip from NASA’s Jet Propulsion in Pasadena, Calif. The first arrived at the Cape in February. For now,
this rover is known as Mars Exploration Rover-1. NASA isn’t sure which will ride the first Delta 2 rocket,
slated for a May 30 launch from Cape Canaveral Air Force Station. That will be determined later. The
second launch will occur no earlier than June 25. The twin rovers are expected to touch down on the
surface of Mars in January 2004. NASA’s Associate Administrator for Space Science Ed Weiler will
announce the rovers’ final destinations in April. [“Robots’ next stop: Mars,” Florida Today, March 12,
2003, p 1B.]

@ 90 minutes after the loss of shuttle Columbia, high-ranking NASA officials already were zeroing in
on a possible cause of the Feb. 1 disaster: A devastating burn-through of the fragile thermal armor that
protects the ship’s left wing. Just as quickly, President Bush, the Joint Chiefs of Staff and Homeland
Security Director Tom Ridge were told that the $2 billion orbiter had been destroyed and its seven
astronauts -- including the first Israeli to fly in space -- were presumed dead. A terrorist attack, however,
had been ruled out. U.S. Air Force search and rescue squadrons were deployed. But the grim reality already
was sinking in. One NASA manager asked agency engineers to calculate "debris location predictions
especially for the crew compartment,” a newly released NASA document says. Another remarked that "the
first priority was crew recovery and their families." Columbia and its five-man, two-woman crew were
gone. And the minutes that document the first meeting of NASA's STS-107 Mission Response Team show
that the focus quickly turned to a monumental search for shuttle debris that rained down on an area then
thought to stretch from Dallas te Tyler, Texas, and perhaps as far east as the panhandle of Florida. Released
this week under the Freedom of Information Act, the meeting minutes shed new light on the immediate
reaction of senior shuttle program managers and other NASA officials in the wake of the Columbia
disaster. A stunned nation was watching video clips on network television of Columbia breaking apart in
the skies over east Texas. NASA shuttle program managers, meanwhile, already were preparing to tell the
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nation that there was no evidence of sabotage or a terrorist attack -- something clearly on the minds of
many in the post-Sept. 11 world, and on a mission whose crew included Israeli Air Force Col. Ilan Ramon.
But at the same time, the minutes show that NASA managers already were calling into question the
presumption that launch debris slamming into an area near the shuttle's left wing posed no flight safety risk
to the ship and its astronauts. A suitcase-sized piece of foam insulation from Columbia's external tank
broke loose and struck the orbiter somewhere near the leading edge of the shuttle's left wing or its left
landing-gear door about 82 seconds after liftoff Jan. 16. [“Focus immediately turned to left wing,”
Florida Today, March 12,2003, p 1A.]

® A pre-planned steering adjustment by a booster rocket to counteract unusually high wind shear could
have weakened the left wing of Columbia and contributed to the loss of the ship and its crew, investigators
said Tuesday. A variety of other factors -- such as the age of NASA's oldest orbiter, external tank repairs
and the potential for undetected corrosion beneath the thermal armor that protects shuttle wings -- also
could have played a role in the disaster, the officials said. Six weeks after Columbia disintegrated over
Texas on Feb. 1, the Columbia Accident Investigation Board still is working to determine the root cause of
the accident, which killed seven astronauts. But investigators said when a final report eventually is made,
the disaster likely will be traced not to a single cause but to a complicated chain of events. "If you agree
with the theory that complex systems fail in complex ways, it isn't a matter of a bracket breaking," retired
Navy Adm. Harold Gehman Jr. told reporters at a Houston news conference. "It's a matter of a whole series
of unfortunate events." Among various scenarios being contemplated by the board, the leading theories still
revolve around damage to the leading edge of the shuttle's left wing. Launch video and still photographs
show three pieces of foam insulation, all clumped together, breaking free from the shuttle's 15-story
external tank about 82 seconds into flight. The debris slammed into the lower part of the left wing's leading
edge. It was immediately pulverized, and its remnants then slipped beneath the wing. Investigators,
however, do not think the debris alone could have caused enough damage to account for the accident.
Rather, other factors likely are at play, board members said. Among possible contributing causes: The age
of shuttle Columbia, which was launched on its first flight in April 1981. [“Wind shear may have made
wing vulnerable,” Florida Today, March 12, 2003, p 2A.]

MARCH 12: Bowing to outside pressure, NASA has reorganized a team supporting the Columbia
accident board, staffing it with officials who were not involved directly with the shuttle's ill-fated flight.
The idea is to make sure the support team does not include NASA officials whose decisions and actions
might come under investigation during the probe into the Feb. 1 loss of Columbia and its seven astronauts.
The agency also is forming plans to respond rapidly to any recommendations from the board. Both
initiatives are outlined in a March 6 letter from NASA Administrator Sean O'Keefe to retired Navy Adm.
Harold Gehman Jr., chairman of the Columbia Accident Investigation Board. "We will divide our teams
into three, each of which will match up with your Board's subdivisions,” O'Keefe wrote to Gehman. "Each
team will be led by senior agency officials who were not involved in the Space Shuttle Program Office
during the Flight Readiness Review Process, nor during the Columbia STS-107 mission.” The
independence of the board, which was appointed by NASA immediately after the accident, and the make-
up of the agency team supporting the probe have been at issue since shortly after the disaster. U.S. Rep.
Bart Gordon, D-Tenn., a member of the House Science Committee, has criticized NASA and the Bush
administration for failure to create a presidential commission such as the one that investigated the 1986
Challenger explosion. Gordon and other members of Congress were concerned a NASA-appointed board
would lack the independence to pursue a full investigation, and would raise questions about the credibility
of any of the panel's findings. The board has been moving quickly to distance itself from NASA during the
past two weeks, particularly by asking the agency to reassign support tearn members who were directly
involved with the Columbia mission. Linda Ham, space shuttle launch integration manager at Johnson
Space Center, and Ralph Roe, manager of NASA's Shuttle Program Vehicle Engineering Office, were
replaced on the support team. Ham, a former flight director, was chairman of NASA's Mission
Management Team during the Columbia mission. As such, she was responsible for overseeing all aspects
of the flight, including the handling of an analysis of external tank foam debris that struck the leading edge
of Columbia's left wing 82 seconds into the mission. The analysis concluded the debris hit would not pose a
flight safety risk to Columbia and its crew, but investigators now think the strike might have contributed to
the loss of the shuttle. Roe, a former NASA launch director at Kennedy Space Center, was responsible for
overseeing all major engineering issues with the spacecraft during the mission. Ham and Roe returned to
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their normal duties as NASA moved to reorganize its support team to mirror the three working groups that
have been created by the board. NASA also established a so-called "Return To Flight" team, one which is

headed by Dr. Michael Greenfield, the agency's associate administrator for Technical Programs. [“NASA
reorganizes probe support team,” Florida Today, March 13, 2003, p 9A.]

MARCH 13: Experts looking into the Columbia accident hope that several ground tests may offer clues as
to why the space plane broke up during reentry Feb. 1 as it sped through Earth’s atmosphere. Two key tests
involve insulating foam used on the shuttle system’s large external fuel tank, and trying to identify an
unknown object that may have floated away from the space plane on day two of Columbia’s 16-day orbital
mission. Video of Columbia’s liftoff shows something flaking off the external tank -- three distinct pieces -
- perhaps insulating foam, ice, a combination of the two, or even ablator material used underneath the foam.
All the debris appears to fly underneath the wing, striking the lower half of Columbia’s left wing and
impacting panels of reinforced carbon-carbon designed to take the high heating of reentry. In early April, a
major NASA-sponsored test is slated to shoot external tank foam at test specimens of space plane wing
materials. Initial foam impact experiments have already yielded a surprising result. A preliminary finding
suggests that a striking blow from high-speed foam may harm aluminum structure in the wing, but the
thermal protection covering might not show visible damage. Still to be recovered by ground teams,
according to a source here, is photographic gear that should have recorded the jettisoning of the external
tank from Columbia as the space plane continued onward into orbit. That camera equipment is on the
underside of the space plane. If the gear survived the fall to Earth, imagery that was taken might reveal
more about what came off the large external tank and from where. The fuel tank itself is destroyed as it
tumbles through the air and crashes into a remote ocean area. "We are narrowing down the part of the
geography of the orbiter where the assault seems to have taken place," said Columbia Accident
Investigation Board (CAIB) chairman, retired Admiral Hal Gehman. Web posted. (2003). [Early Tests
Show Foam Debris Impact Harmful to Shuttle Frame [Online]. Available WWW: http://www.space.com/
[2003, March 13].]

@ NASA engineers sought satellite images of the damage sustained by the space shuttle Columbia’s
wing during liftoff on January 16, but were turned down by the shuttle program manager. The request
came three days after liftoff and had it been granted the satellite images would “absolutely” have helped to
determine any damage to the wing’s protective heat tiles, a senior NASA official told the New York Times.
NASA officials at first discounted the frozen foam insulation as a cause leading to the disaster, but are now
looking into whether the front of the wing, which faces extremely high temperatures on reentry, might have
been damaged, causing a rupture in the vessel’s protective outer layer that led to its burning up on re-entry.
The unidentified NASA official told the Times that in a group meeting Lambert Austin, an engineer at
Johnson Space Center in Houston, Texas, had asked shuttle manager Ron Dittemore to obtain satellite
images of Columbia. Dittemore turned down the request saying the images might not have been sharp
enough to help determine the damage. Web posted. (2003). [Engineers sought satellite images of damage
to Columbia wing: report [Online]. Available WWW: http://www.spacedaily.com/ [2003, March 13].]

@ Shuttle astronaut David Brown became the 19™ astronaut laid to rest at Arlington National Cemetery,
one of the seven killed in the Feb. 1 breakup of the shuttle Columbia. The spaceflight was Brown’s first.
He became an astronaut in 1996. The burial, with full military honors, began with a “missing man”
formation flyover. Web posted. (2003). [Seventh Columbia astronaut laid to rest [Online]. Available
WWW: http://www.HoustonChronicle.com/ [2003, March 13].]

€ Experts have told NASA for years that covering the wings of a space shuttle while it sits on the launch
pad could prevent a problem that investigators now think may have contributed to the destruction of
Columbia. But NASA ignored the recommendation, one expert said, even though the idea had been
endorsed by top materials researchers inside and outside the space agency. Their suggestion was simple:
drape the equivalent of a painter’s drop cloth over the shuttle’s wings to protect them from corrosive sea
air, preventing tiny pinholes from forming on the edges of the wings. Those pinholes — about as wide as
three human hairs —began to appear on the leading edges of shuttle wings in 1992, first in Columbia, the
other shuttles. Pinholes develop after about 10 flights. The oldest shuttle, Columbia, broke apart at the end
of its 28" flight, and it had far more pinholes than any other shuttle, according to NASA technical reports.
The Columbia accident Investigation Board is looking at the pinholes as a possible contributing cause of
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the Feb. 1 tragedy, board member Maj. Gen. John Barry said Tuesday. Web posted. (2003). [Shuttle’s
long-ignored pinholes eyed as factor [Online]. Available WWW: http://www.HoustonChronicle.com/
[2003, March 13].]

€ Columbia accident investigators are focusing more attention on the protective leading edge of the
spaceship's left wing and the possibility it could have been weakened by wear before the flight. Most
public attention has swirled around possible damage to the tiles that form the heat shield on much of the
wing. But the leading edge, and its highly heat-resistant carbon-carbon protective panels, has recently
emerged as an intriguing player. Ongoing tests in a NASA wind tunnel show the forces pulling the shuttle's
nose to the left were the result of a major distortion of the left wing, such as the loss of four or more of the
22 panels that make up the leading edge. Tiny pinholes can form in the material that protects the leading
edge. Those pinholes can lead to small cavities hidden beneath the surface of the leading edge. Members
of the Columbia Accident Investigation Board are closely examining whether current inspections of the
panels are sensitive enough to detect damage hidden beneath the surface. The leading edge is one of the
parts of the shuttle that heats up the most when the spacecraft re-enters the Earth's atmosphere. Columbia
broke up Feb. 1 while re-entering, killing its crew of seven. To protect it, engineers needed something
more resilient than the tile that protects much of the shuttle. They chose reinforced carbon-carbon. This
mixture of carbon fibers and carbon filler can heat to more than 2,800 degrees without melting. Just behind
the panels are the wing spars. They are made of aluminum, which melts at 600 degrees. A failure of the
panels could be catastrophic. A 1999 NASA assessment called the material "outstanding." Experts say it's
strong, but not impervious to forceful blows. The carbon-carbon material also can burn fiercely if exposed
to oxygen during the heat of re-entry. To prevent that, a coating is baked on to it. But that coating, silicon
carbide, isn't perfect. After numerous re-entries, tiny pin holes can form in the coating. Enough oxygen
flows through the pinholes to melt away bits of the carbon-carbon. Tiny cavities are formed. The cavities
themselves are probably no danger, says Robert Rapp a retired Ohio state University researcher who
studies high-temperature materials and collaborated with NASA scientists on pinhole research. But if
something heavy hit a portion of the panels speckled with pinholes, "that could be a different story," Rapp
says. It "could cause a fracture in the coating. If you lost a small amount of coating, you'd be in serious
trouble.” Beside the pinholes, more significant "dings" have been recorded in the leading edge six different
times during the last 12 years, according to the board. Some of those dings came from collisions with
micro-meteoroids, tiny rocks in space. Anything in the same orbit around the Earth as Columbia would be
traveling 17,500 mph. One study in 2000 said that space rocks and other objects in orbit pose a "significant
threat" to the shuttle and singled out carbon-carbon panels as "especially vulnerable." Board chairman Hal
Gehman has said that a pinhole alone would be "highly unlikely” to lead to the loss of a panel. But he also
said that debris striking panels that have pin holes and dings could "do some damage.” [“Board focuses on
wing wear,” Florida Toeday, March 14, 2003, p 1A & 3A]

€ New evidence suggests shuttle Columbia's left landing-gear door remained closed and intact until just
before the ship's breakup, bolstering theories that a breach in the orbiter's protective heat armor first
occurred near the left wing's leading edge. Salvage teams have recovered a second piece of the orbiter's
belly that includes a corner of the left landing gear's wheel well. The debris shows destructive hot gases
were flowing out of the wheel well and not into it as they would have if the wheel-well door were the origin
of the breach. A similar piece of debris found days earlier showed the same outward flow. "In my opinion,
it is a low probability that we are looking at a strike on the [left landing gear] door or a door issue or a
[thermal tile] acreage issue around it," a source close to the investigation said. "It is much more likely that
we have a problem or a breach that occurred up in the RCC [reinforced carbon-carbon panel] area or the
carrier panels immediately adjacent to it." Sources close to the board investigating the Columbia accident
told the Orlando Sentinel that the inquiry is focusing more closely than ever on the system of 22 RCC
panels that make up the leading edge and the underlying carrier panels that run alongside. The RCC panels
are made of tough composite material designed to protect the orbiter from temperatures up to 3,000 degrees
during reentry. In recent days, investigators have detected tiny pinholes and small voids caused by
oxidation in panels from other orbiters. The significance of the defects isn't known. [*“Just-found debris
suggests flaws in wing edge,” Orlando Sentinel, March 14, 2003, p Al & A10.]

MARCH 14: NASA is making plans to return the space shuttle to orbit as early as this fall and has
instructed engineers to be prepared to make any “corrective actions” recommended by the board now
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investigating the Columbia tragedy. William F. Readdy, NASA’s associate administrator for space flight,
issued a memo this week instructing agency officials to organize a team to plan for quickly making changes
in the space shuttle — or its operations — so that the craft would be quickly ready to fly. “The team will
prepare for a safe return to flight as soon as practicable,” the March 12 memo said. “As the goal, the SSP
(Space Shuttle Program) shall plan for corrective actions and reviews which support a launch opportunity
as early as the fall of 2003.” Readdy said that NASA will be guided by the recommendations of the
Columbia Accident Investigation Board, which is studying the factors involved in the February 1
destruction of Columbia in which the seven crew members perished. Web posted. (2003). [NASA: Shuttle
could fly again by fall. [Online]. Available WWW: http://www.CNN.com/ [2003, March 14].]

€ William Readdy, a top spaceflight official at NASA headquarters, said Friday that he rebuffed an offer
to use American spy satellites to photograph damage to the space shuttle Columbia's underside because he
and others were confident the orbiter was in no danger. Readdy, the agency's associate administrator for
spaceflight, said he was approached by a NASA employee who relayed the offer to help -- but only if the
agency requested it on an "emergency"” basis. After he demurred, Readdy said, the employee -- whom he
would not identify -- returned to tell him that the photos might still be obtained if the satellites were not
otherwise engaged. At that point, Readdy said, he accepted the offer. But he added that he has no evidence
the photographs were taken. "We got nothing after the fact,” he said. The Washington Post reported
Friday that Readdy himself had asked the National Imagery and Mapping Agency to take the photos. In a
meeting with reporters Friday, Readdy refused to identify the agency, citing national-security concerns, but
said he did not reach out. Managers at the National Aeronautics and Space Administration had known that
as many as three chunks of foam from the shuttle's external fuel tank had slammed into the leading edge of
Columbia's left wing and the thermal tiles protecting its belly during liftoff Jan. 16. Investigators now think
superhot gas penetrated the leading edge during the shuttle's re-entry, melting the wing and causing the
shuttle to explode over Texas. But at the time he was approached in January -- before Columbia's Feb. 1
re-entry but after NASA managers had accepted a Boeing Co. analysis that tile damage was not dangerous -
- Readdy said he was comfortable with the situation. Even now, he said, it's doubtful that the photos would
have changed the debate. "I can tell you that I'm familiar with the capability; so are other program
officials,"” Readdy said, citing shuttle program manager Ron Dittemore and Columbia mission manager
Linda Ham in Houston. There were discussions among engineers and managers there about obtaining
satellite imagery, but none was taken. Readdy and NASA Administrator Sean O'Keefe said Readdy's
decision, along with others, will be reviewed both within the agency and by the independent board probing
the causes of the Columbia accident. "This falls into the category of a judgment,” O'Keefe said. Readdy,
who outlined the exchange over the satellite images in his statement to the investigation board, said Friday
that given the information he and others had at the time, there was nothing to justify asking for the satellites
to be pulled off their regular assignments. [“NASA saw no need for shuttle pictures,” Orlando Sentinel,
March 15, 2003, p All.]

MARCH 15: Amateur-video footage of shuttle Columbia's early descent over land Feb. 1 shows a
continuing shedding of debris, with pieces flaring up as bright blips in the shuttle's plasma trail. The video
documentation is described with new details in the latest timeline of the orbiter's final minutes, which was
released Friday by NASA. The timeline includes the locations of observers on the ground armed with video
cameras. At least 19 people caught the streak in the sky and have turned over their footage to the National
Aeronautics and Space Administration for analysis, agency spokesman Kyle Herring said. Herring said two
things made the wealth of footage possible: It's easy to see a re-entry in darkness -- Columbia crossed the
California coast shortly before 6 a.m. PST -- because the shuttle appears as a bright light in the sky. And
the orbiter's landing track carried it over some heavily populated areas. "I hate to use the word 'lucky,’ but
the way this happened made it very easy for amateur videographers to capture Columbia's re-entry,"
Herring said. The first observer started filming the shuttle while it was still out over the Pacific Ocean. At
least 11 others focused in on the ship through central New Mexico, where it moved over unpopulated
desert. The footage picked up again in north-central Texas. Herring said the agency is using the video to
help pinpoint the time of debris sightings and possible locations of material that made it to the ground. He
said experts used the backdrop of stars in the footage to determine the location of debris incidents. In
addition, they are using wind and other weather data from Feb. 1 to narrow the potential "debris footprints"
on the ground and aid searchers. "Anything that came off early on is something we're obviously very
interesting in finding," said Herring, adding that early debris might help determine what triggered the
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breakup. One area of particular interest is the region around Caliente, Nev., where an item marked as
"Debris #6" on the timeline is thought to have fallen. The object was tracked to the ground by Federal
Aviation Administration radar. Meanwhile, Herring said heavy snowfall has halted the search for debris in
Utah, where there were three reported sightings near St. George. He said the search may resume again in
April. All told, the timeline counts 16 pieces of debris coming off the orbiter -- one more than previously
documented. It also notes for the first time that Columbia was experiencing unusual disruptions in
communication. The temporary blackouts lasted briefly -- just seconds -- and it's unclear whether they are
connected to the shuttle's rising temperatures and aerodynamic drag on the left side. "We don't know what
it means," Herring said. "It's just not something that we had seen on any other flight, so they're looking into
it." Web posted. (2003). [Amateur footage assists NASA [Online]. Available WWW:
http://www.OrlandoSentinel.com/ [2003, March 15].]

@ Despite the loss of Columbia and the grounding of the shuttle fleet for an investigation, NASA is
working to prevent any layoffs at Kennedy Space Center, U.S. Rep. Tom Feeney said Saturday. One day
after meeting with KSC officials to tour the hangar where shuttle debris is being cataloged and
reassembled, the freshman congressman told 150 area residents — some of them space-center employees —
there is plenty of work for the foreseeable future. Shuttle-investigation work, planned orbiter refurbishing
and upgrades, probes to Mars and various rocket launches will keep space-center employees busy for
months. “I was assured by Sean O’Keefe there are no plans for work slow downs and layoffs,” said
Feeney, R-Oviedo, a member of the House Science Committee, whose district includes the space center.
[“Feeney: Layoffs at KSC unlikely,” Orlando Sentinel, March 16, 2003, p B1 & B3.]

€ A massive search for Columbia debris is yielding new clues that are shoring up a leading theory on the
cause of the disaster, a source close to the investigation said Saturday. Searchers have recovered internal
parts of the shuttle's left main landing gear door that are shedding light on the way in which hot gasses
likely breached Columbia's thermal protection system and doomed the orbiter. The new evidence suggests
hot gas entered a breach in thermal panels that protect the leading edge of the shuttle's left wing, shooting
through the wing's interior before burning through the landing-gear compartment's closed door, ultimately
spewing out before the wing itself began breaking up. "That would be one way to explain it," said the
source, speaking on condition of anonymity. "Are there other ways to explain it? I'm sure there are other
scenarios. But that is one way you could explain it.” Columbia disintegrated in the skies over East Texas on
Feb. 1, killing all seven astronauts onboard. Investigators quickly turned their attention to debris that broke
free from the shuttle's external tank about 81 seconds into the flight. Early analysis of launch video
indicated the debris -- thought to be foam insulation perhaps laced with ice -- struck the left wing of the
orbiter near its leading edge or the landing gear compartment on that side of the ship. However, a four-
second video clip released by investigators Tuesday shows the debris -- now thought to be three separate
pieces of foam that formed a cluster -- struck the lower part of the leading edge of the wing. The leading
edge of the wing is covered by 22 reinforced carbon-carbon panels that are designed to protect that
structure from temperatures which reach about 3,000 degrees Fahrenheit during re-entry. The video shows
the debris slamming into an area near so-called RCC panels 6, 7 and 8, potentially weakening those parts.
Heat-damaged pieces of the shuttle's left main landing gear door, meanwhile, are adding to the body of
evidence. Recently recovered and shipped to Kennedy Space Center, an internal "uplock pin" appears to
have been subjected to extreme heat and sprayed with molten metal. An associated titanium flange,
meanwhile, "appears to have been eaten away by some kind of high blast of heat,” the source said. "And
because the melting temperature of titanium is somewhere around 3,000 degrees, that had to be a pretty hot
event." The uplock pin and the titanium flange are associated with the mechanical linkage used to open and
close the wheel well doors. [“Evidence mounts showing how gas breached shuttle,” Florida Today,
March 16, 3002, p 6A.]

MARCH 16: Columbia investigators early this week will get their most detailed briefing yet on the final
minutes of the shuttle's break-up. During public hearings here today and Tuesday, a NASA official will
unveil a six-minute video compilation that visually documents Columbia as it streaked over the
southwestern United States. Experts on aerodynamics and thermodynamics also will discuss the forces the
shuttle was subjected to during the minutes leading up to the disintegration of the ship. The testimony is
expected to shed new light on the amount of progress investigators are making in trying to determine the
root cause of the disaster, which killed seven astronauts. "You will get a post-graduate-level education on
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aerodynamics and thermodynamics," said retired Navy Adm. Harold Gehman Jr., chairman of the
Columbia Accident Investigation Board. "And you will be able to tell at the end of that exactly how far
we've gone, how deep we've gone, but also, how far we have to go." Columbia and its five-man, two-
woman crew were lost 16 minutes before the scheduled end of a 16-day space science flight that was
launched from Kennedy Space Center on Jan. 16. Investigators to date have been focusing on the
possibility that hot gases encountered during atmospheric re-entry might have breached the leading edge of
Columbia's left wing, triggering the disaster. Today, NASA Flight Director Paul Hill will discuss agency
efforts to reconstruct the final minutes of Columbia's flight from telemetry data, video and recovered
debris. A resulting master timeline of events shows at least 16 major pieces of Columbia fell away from the
ship as it soared across the southwestern U.S. before breaking up over Texas. The so-called "debris
shedding" events are documented in the new video compilation, which was pieced together by NASA and
accident investigators from camcorder images taken by 19 observers on the ground. Those videos pick up
the shuttle over the Pacific Ocean as it approached the coast of California and cover most of its flight
toward the skies over East Texas. The only gaps in coverage come over sparsely populated areas of eastern
New Mexico and northwestern Texas. Experts are using the video, along with radar and weather data, to
plot the course of falling debris so searchers can attempt to pinpoint the location of wreckage on the
ground. More than 43,000 pounds of debris has been recovered to date, primarily in a corridor that stretches
from an area south of Dallas through East Texas and into Louisiana. [“Board will hear details of shuttle’s
last minutes,” Florida Today, March 17,2003, p 1A & 5A ]

MARCH 17: The space shuttle Columbia shed debris all the way from California to Texas during its final
minutes of flight before breaking up in a fatal accident last month, a NASA official said Monday. Experts
said that if a smoking gun, a definitive clue to why Columbia disintegrated upon reentry to Earth’s
atmosphere, exists in the debris, it will likely come from the stream of parts that flew off before the shuttle
reached Texas. To date, NASA has found nothing west of Texas. “From California, pretty much all the
way to Texas, you see a relatively steady stream of objects coming off the orbiter,” said Paul Hill, a shuttle
and space station flight director. The experts spoke at a public hearing in Houston held by the independent
Columbia Accident Investigation Board, charged with finding the cause of the Feb. 1 accident that killed
seven astronauts and destroyed NASA'’s oldest space shuttle. Hill unveiled a composite video of Columbia
that covered its flight from California to its final moments over Texas assembled from some 15-20 amateur
and military videos culled from some 3,000 videos, still photographs and other reports that reached NASA
in the days immediately after the crash. The orbiter first appears as a point of light that gradually grows
into the shape of a comet, with a trail of plasma, or super-hot gasses, following it. Pieces are seen coming
off the orbiter, the quickly disappearing as they cooled. They appear only as bright points of light. Some
are preceded by bright flashes that could be the burning of gasses or fluids escaping the shuttle. Hill said
NASA hopes to use the video composite, which gives scientists a firm timeline of when pieces broke away,
to plot trajectories and estimate where the pieces landed. Still a mystery to NASA is how Columbia
managed to fly across the entire western United States, losing pieces every few seconds, and still managed
to perform so well that neither ground controllers nor pilots were apparently aware of any trouble until the
final seconds. Web posted. (2003). [Shuttle Columbia’s ‘Smoking Gun’ Said West of Texas [Online].
Available WWW: http://www.reuters.com/ [2003, March 17].]

MARCH 18: Preliminary consideration of various possibilities has not yet pointed to one likely cause for
the breakup of the space shuttle Columbia, NASA engineers told the accident investigation board today.
During its third public hearing, the board heard from engineers who are reconstructing the aerodynamics
and thermodynamics of the shuttle's re-entry and trying to pinpoint what damage might have occurred and
when it would have happened. "You've asked the $64,000 question," Steven Labbe, chief of the Applied
Aeroscience and Computational Fluid Dynamics Branch at Johnson Space Center, told the board when
asked what caused the shuttle to break apart over Texas on Feb. 1, killing all seven astronauts. The board
suspects the left wing's heat-shielding tiles were breached, possibly by insulating foam or other material
falling from the external fuel tank, when Columbia launched on Jan. 16. The breach could have let hot
atmospheric gases penetrate the left wing during re-entry. Initial wind tunnel tests on various possible
types of damage - including holes in the wing's leading edge, missing reinforced carbon carbon panels on
the vehicle's body and a gouge in the main landing gear door - have so far not duplicated the shuttle's
catastrophic failure, Labbe said. "We're going to be looking at multiple panels missing, where our future
work will focus on. We'll do a survey of the wing leading edge and look at other scenarios,” he said. "These
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are very preliminary results. It's premature to draw too many conclusions from these results. We're just
getting started on this assessment.” On Monday, the board heard from shuttle officials and an expert on
spacecraft re-entry, who all said a crucial clue to solving the accident could be in a piece of debris yet to be
discovered in the western United States. Web posted. (2003). [Wind tunnel tests have yet to duplicate
Columbia breakup, expert says {Online]. Available WWW: http://www.Floridatoday.com/ [2003, March
18].]

® A growing body of evidence is shoring up a theory on what caused the loss of shuttle Columbia while
helping engineers rule out other accident scenarios, investigators said Tuesday. For their final report,
investigators think they will be able to piece together the most likely chain of events that led to the
disintegration of the shuttle Feb. 1, killing seven astronauts. "My confidence is still pretty high that we're
going to be able to ascertain the root cause of this with some amount of certainty. . . not absolute certainty,"
said retired Navy Adm. Harold Gehman Jr., chairman of the Columbia Accident Investigation Board.
Board member Dr. James Hallock said, "We're going to be looking at what's the preponderance of the
evidence." Six weeks after Columbia and its crew were destroyed, investigators still are focusing on debris
that broke free from the shuttle's external tank 81 seconds into the launch and slammed into the left side of
the spaceship. Launch video and still photography show three pieces of foam insulation forming a cluster
and then striking the lower part of the left wing's leading edge. That might have left Columbia's wing
vulnerable to superhot gases penetrating the wing when the shuttle re-entered Earth's atmosphere.
Investigators no longer think the debris struck or breached the shuttle's left main landing gear door, a
scenario under study since shortly after the accident. In fact, investigators now think heat might have
pierced a panel that connects thermal tiles on the shuttle's belly with reinforced carbon panels that protect
the leading edge of the wing. Such a breach would have enabled superheated gas to shoot through the wing
like a blowtorch, melting skeletal aluminum within it. Investigators think hot gas then broke into the left
main landing gear compartment before spewing out of its closed door. Hallock said investigators now think
the connecting "carrier panel” might have fallen off the shuttle after it reached orbit. Air Force researchers
have determined that a "mystery object” that drifted away from the shuttle on the second day of its flight
was about the size of such a panel, he said. Hallock said the object reentered Earth's atmosphere on the fifth
day of Columbia's flight, a profile that matches what would be expected for a piece of debris the size and
shape of the panel. The foam-debris hit, coupled with launch vibrations, could have loosened the carrier
panel to the point where it dropped off the shuttle during a firing of its steering thrusters. "The thing to
remember is . . . that the first 81/2 minutes of going to orbit is a wild ride,” Hallock said. "You have to keep
an open mind there.” Mounting evidence, meanwhile, has enabled the board to eliminate some scenarios as
potential factors in the chain of events that led to Columbia's destruction. The fact that Columbia's wings
were "rougher” than those on NASA's other shuttles now is being discounted. A rough wing surface can
trigger higher than normal heating during the early parts of re-entry, but investigators now think that wasn't
the case during Columbia's ill-fated plunge back through the atmosphere. Additionally, investigators have
determined there was little NASA could have done during Columbia's flight -- or in the future -- to
minimize heat and stress on the shuttle's wings during re-entry. Current re-entry trajectories put the wings
in the most benign environment possible, investigators said. Board members, meanwhile, also have been
studying data beamed back to Earth from shuttle instruments to determine whether a meteorite or space
debris struck Columbia. [“Panel confident of finding cause,” Florida Today, March 19, 2003, p 2A.]

MARCH 19: A data processing error by the U.S. Air Force prevented early flagging of a mystery object
falling off Columbia in orbit — an object that may be tied to why the space plane disintegrated en route to
Earth. During Columbia’s second day in Earth orbit, Air Force Space Command ground radar observed a
large piece of structure floating free of the space plane. It remained in orbit for a little over two days before
nose-diving into Earth’s atmosphere. No one in the Department of Defense or NASA knew about the
discovery of the fairly large object until days after the loss of Columbia. If NASA had known that the
piece was cast off early in the 16-day mission, a campaign to better characterize the object would begun,
including use of ground and space-based assets of military and intelligence agencies. The Columbia
Accident Investigation Board is attempting to identify the mystery object. Web posted. (2003).
[Columbia’s Destruction May Be Tied to Mystery Object [Online]. Available WWW:
http://www.space.com/ [2003, March 19].]
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€@ The Columbia Accident Investigation Board will soon recommend that NASA establish a formal
procedure to request the use of spy satellites to check orbiting space shuttles for damage, its chairman said
Tuesday. Space agency personnel discussed making such a request before Columbia's return to Earth on
Feb. 1, but ultimately decided the imagery was unnecessary. "One of the earliest recommendations we
think is coming up for board consideration is the issue of guidance to NASA to get their act together," said
retired Adm. Harold Gehman, head of the panel. The board remains focused on how seriously the shuttle
was damaged when a chunk of debris, believed to be insulating foam from the fuel tank, struck the
underside of the left wing moments after Columbia's Jan. 16 liftoff. During Columbia's 16-day mission,
NASA mission managers concluded that the impact did not pose a safety hazard, though lower-level
engineers continued to debate the issue until the eve of Columbia's descent. In some of their
correspondence, engineers also questioned why managers did not seek the Pentagon's help in
photographing the wing with spy satellites or ground-based telescopes. Gehman blamed NASA for failing
to seek security clearances for its personnel to gain access to the classified materials, but also cited the
Pentagon for failing to adequately brief NASA on its capabilities. One reason NASA was reluctant to seek
the imagery was the 1998 mission of the shuttle Discovery. A panel enclosing the drag chute fell away as
the shuttle lifted off, and images the military took were not of sufficient clarity to be useful, according to
shuttle program manager Ron Dittemore. That mission ended safely. "That was then," said Gehman. "We
think the improvements in photography have come a long way." Meanwhile, investigators have not strayed
from their belief that Columbia's disintegration was triggered by a breach of the leading edge of the left
wing. Web posted. (2003). [Board to advise on spy satellite use [Online]. Available WWW:
http://www.HoustonChronicle.com/ [2003, March 19].]

4@  Shuttle commanders could add an unusual maneuver to their flight plans in the future to give ground
controllers a look at the orbiters' thermal tile system and other surfaces. The Columbia Accident
Investigation Board is expected to recommend that NASA figure out how to inspect the shuttles for damage
in orbit. Anticipating that outcome, shuttle commander Brent Jett has been flying simulated approaches to
the International Space Station and having the shuttle perform a 360-degree loop before docking with the
orbiting outpost. Digital cameras on the bottom of the station will photograph the shuttles’ tiles, wing edges
and other surfaces, sending those pictures back to controllers in Houston for examination. The maneuver is
performed about 600 feet below the station as the shuttle moves along in tandem in a slightly lower orbit,
Jett said Wednesday. "There really is no risk of hitting the station,” said Jett, who has flown about 20 to 25
of the maneuvers recently using high-resolution simulators at NASA training facilities here. The problem
is, the maneuver uses about 100 to 150 pounds of propellant that could be needed for other purposes later in
the flight. NASA managers and planners will have to decide whether the checkout maneuver is worth the
fuel use. Jett is the commander of STS-115, which was scheduled to fly to the space station later this year.
Until NASA's three remaining shuttles are cleared for return to flight, it isn't clear when his crew will
complete its mission. The International Space Station is equipped with digital cameras that have powerful
lenses that could take extremely detailed pictures of the shuttle as it slowly turns beneath the outpost. Web
posted. (2003). [Station camera option considered [Online]. Available WWW:
http://www.floridatoday.com/ [2003, March 19].]

€@ Columbia accident investigators found a key flight data recorder Wednesday, a device that could shed
new light on what was happening to the spacecraft before it disintegrated over east Texas on Feb. 1.
Searchers found the Orbital Experiment Support System near Hemphill, Texas, in the general region where
most of the Columbia debris has been found. About the size of a bread box, the instrument records on
magnetic tape data such as temperatures, pressures, vibrations, acceleration, electrical currents and strains
on the vehicle. The recorder was recovered intact and taken to Johnson Space Center, where it must be
cleaned up before determining how to get to the data without damaging it. The recorder starts up about 10
minutes before the shuttle reaches the first traces of the upper atmosphere. Investigators believe it would
have continued to run until the vehicle broke up. "It's a pretty promising find," said Air Force Lt. Col.
Tyrone Woodyard, a spokesman for the Columbia Accident Investigation Board. "We're hoping it can
provide us some indications of what was going on . . . But we have to be guarded.” To date, investigators
have been forced to rely on telemetry data beamed back from the shuttle, video and photographs in attempt
to piece together what destroyed the Columbia. That information has helped NASA build a timeline of
events as the orbiter crossed the southwestern United States on way to a planned landing at Kennedy Space
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Center. Web posted. (2003). [Columbia’s flight data recorder found [Online]. Available WWW:
http://www floridatoday.com/ [2003, March 19].]

MARCH 20: Debris recovery teams found a largely intact data recorder from shuttle Columbia on
Wednesday, giving accident investigators a potentially major break in reconstructing the doomed ship's
final moments. The so-called Orbiter Experiment Recorder, found seven miles west of Hemphill, Texas, is
being transported to Johnson Space Center for analysis. The recorder stores flight data including
temperature, aerodynamic pressure and vibration readings from a variety of sensors that were located
throughout the Columbia. Initial indications are the recorder suffered some heat damage but was in
relatively good condition, officials said. Investigators are cautiously optimistic they can recover data. If so,
the device's 9,400 feet of magnetic tape could provide a wealth of information on what was happening to
Columbia in the minutes before its breakup over central Texas on Feb. 1. "We have no way of knowing
whether data can be recovered,” said Laura Brown, a spokeswoman for the Columbia Accident
Investigation Board. "They suspect there may be heat damage, but they are coming up with a plan to be as
careful as possible." The recovery came the same day as 200 government, industry and academic officials
associated with the shuttle program met in New Orleans to begin mapping out a long-range plan for
extending the life of the orbiter. Web posted. (2003). [Searchers find tape of shuttle’s final moments
[Online]. Available WWW: http://www.OrlandoSentinel.com/ [2003, March 20].]

& Before the shuttle mission preceding Columbia’s flight, NASA flagged as a major concern the loss of
foam in the same area on fuel tanks where investigators now believe debris broke away and smashed
against Columbia’s left wing. The space agency concluded that damage from such breakaway foam did not
threaten shuttle safety and determined the fuel tank attached to Endeavour was “safe to fly with no new
concerns and no added risk,” according to newly released documents from the National Aeronautics and
Space Administration. The documents revealed for the first time some of NASA’s reasons for deciding
months ago that such risks were insufficient to delay shuttle launches, even as agency officials already were
looking into what they perceived as a frustrating, recurring problem. The findings were included in more
than 1,000 pages of internal reports NASA released late Thursday about the most recent shuttle missions.
Investigators believe insulating foam that struck Columbia's left wing on liftoff peeled away from the same
region of the external fuel tank, called its bipod ramp. That may have damaged delicate protective tiles on
the wing and allowed superheated air to fatally penetrate the spacecraft during its fiery re-entry on February
1. The bipod is a V-shaped structure connecting Columbia near its nose landing gear to the orange-colored
external fuel tank. Metal attachments on the tank are covered with ramp-shaped insulating foam that
protrudes noticeably from the tank's surface. Tank specialists at NASA identified the foam problem on
October 31, 2002, as their only "special topic" of concern prior to the liftoff of Endeavour on November 23,
the shuttle flight immediately preceding Columbia's. They cited troubling reports on three earlier missions
of foam breaking away from the tank's bipod ramp. But they defended NASA's work, saying the foam was
applied with proven craftsmanship by "experienced practitioners” with 20 years of such work. They also
noted that the process of applying foam to that part of the tank had not changed since 1993. Web posted.
(2003). [NASA flagged foam as ‘special topic’ before Columbia [Online]. Available WWW:
http://www.cnn.com/ [2003, March 21].]

MARCH 21: NASA on Friday created a new group to help with the investigation of the shuttle Columbia
tragedy, dissolving an earlier team that had attracted criticism for including people who had directly
overseen the ship’s mission. The NASA Accident Investigation Team will replace the Mishap Response
Team that was formed within hours of the disaster that killed seven astronauts Feb. 1. The initial group
was led by Linda Ham, a top shuttle manager who helped make key decisions during Columbia’s 16 days
in orbit. The new team will continue to support the outside group that is running the investigation — the
Columbia Accident Investigation Board. The board’s chairman, retired Navy Adm. Harold Gehman Jr.,
had asked the National Aeronautics and Space Administration for the reorganization several weeks ago to
avoid having some agency officials essentially review their own work. A spokesman said Friday that the
board is content with the changes, which put the deputy director of Johnson Space Center, Randy Stone, in
charge of NASA’s role in the investigation. The new group is organized to mirror the Accident
Investigation Board’s own structure. Both teams are divided into three subdivisions: materials, operations
and engineering. The NASA subdivisions will be led by Stone, who will oversee operations; Frank Benz,
director of engineering at JSC who will manage the engineering section; and Jim Kennedy, deputy director
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of Kennedy Space Center, who will oversee activities related to materials. [“New team created to help with
shuttle probe,” Orlando Sentinel, March 22, 2003, p A22.]

49  Aluminum, as commonplace as a soda can in everyday life, has become something of a mystery
metal for investigators trying to figure out what caused the destruction of the space shuttle Columbia. The
predominant component in the shuttle’s structure, this lightweight solid metal can change under certain
circumstances into a fast-burning, explosive fuel of a sort used in armor-piercing munitions, bombs and
rocket boosters. That realization has led the Columbia Accident Investigation Board to detve into the
possibility that, as trouble mounted during Columbia’s hot, violent reentry, parts of its very frame might
have ignited or even exploded. If so, the burning aluminum may resolve a seeming contradiction that has
troubled investigators: Physical evidence indicates that destructive heat raced through the shuttle’s left
wing, but engineering calculations indicate that scenario could not have unfolded as fast as it evidently did.
The explanation, said an official close to the investigation, may be that the aluminum alloy in the frame
could have served as a kind of energy multiplier, accelerating the process that doomed the vehicle and
crew. The condition of the wreckage indicates that a plume of hot gas eventually vented through the seals
around the left landing gear door, possibly emerging as a jet that created excess lift under the left wing.
Searchers found a titanium part from the left wheel well that was melted, indicating that temperatures at
that location had reached at least 3,000 degrees. Since the engineering calculations suggest that there
wasn’t enough time for all of this to happen without some other factor, the investigation official said, the
board has ordered the aluminum test researchers to make sure the investigating board is not steered off the
track by erroneous assumptions. [“Possible Role of Aluminum in Shuttle Disaster Probed,” Washington
Post, March 22,2003, p A02.]

MARCH 22: NASA may be forced to revisit how it evaluates launch pad weather after losing two shuttles
launched in icy January conditions. If investigators determine ice was part of the debris that hit Columbia
and somehow contributed to the loss of the shuttle and seven astronauts, then it wouldn't be the first time
weather played a role in a shuttle tragedy. Extreme cold -- and managers' acceptance of it -- got part of the
blame in the 1986 loss of shuttle Challenger. Before that, NASA had followed a very simple weather rule:
Launch only if the temperature is between 31 and 99 degrees. By the 1988 return to flight, NASA had
imposed new standards to minimize the effects of cold and ice. The minimum launch temperature was 33
degrees, according to NASA weather officer John Madura. But temperature limits also were determined by
charts that incorporated wind speed. Wind can ease the bad effects of cool temperatures and ice. Thus, the
rule that lasted through the late 1980s allowed for temperatures of 37 degrees if winds were blowing 4
knots or more and 47 degrees if the winds were calmer. Those rules were deemed too conservative,
however, based on advances in meteorological technology and in NASA's understanding of the impact of
conditions at the pad. More changes were on their way: By January 1993, they were changed again to give
launch controllers more flexibility and to more accurately measure the potential for safe launches, he said.
A curve was developed that was more specific about the wind. For example, at 4 knots, the temperature
could be 42 instead of 47. Rather than taking temperatures at ground level, where it was often colder,
NASA used readings from 60 feet -- "up where the vehicle is," Madura said. No later than the fall of 1994,
NASA enacted today's system, which considers relative humidity. With no wind and 90 percent humidity
for example, launch is allowed at more than 44 degrees. With less than 64 percent humidity, the air
temperature would have to be higher than 48. The Columbia Accident Investigation Board has said that,
among other issues, it will be reviewing decisions made about the launch weather rules as well as any
waivers and changes in those rules over the years. [“NASA’s weather rules may need work,” Florida
Today, March 23,2003, p 9A.]

€ Institutional breakdowns inside NASA, including misjudgments and overconfidence by senior shuttle
managers, thwarted efforts to accurately assess damage to shuttle Columbia before the ship's fatal flight
home. E-mails and documents released under the Freedom of Information Act portray a shuttle program
too comfortable with past successes and its ability to measure risk. The mind-set extended to the upper
levels of the National Aeronautics and Space Administration and the agency's shuttle contractors. Within
hours of Columbia's Jan. 16 launch, NASA engineers already were aware of the damage that may have
caused the ship's Feb. 1 breakup during re-entry. Chunks of foam insulation had broken off the shuttle's
external fuel tank during liftoff and smashed into the orbiter near the leading edge of its left wing. For the
16 days Columbia was in orbit, NASA managers failed to heed calls from some engineers for more data or
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take steps to avoid a potential disaster during re-entry. Requests for critical information were denied
because they didn't go through proper channels. Studies drawing conclusions well beyond NASA's past
experience were accepted with little debate. Shuttle managers relied on flawed assumptions to breeze
through key decisions. And concerns from lower-level engineers never trickled up. NASA's institutional
issues have become a central focus of the board investigating Columbia’s accident. The board's findings
could fundamentally reshape NASA management practices that govern shuttle missions. Agency
Administrator Sean O'Keefe has pledged to make whatever changes might be necessary. "It may have been
a hardware failure,” O'Keefe said recently. "It may have been a systems failure of some kind. "It may have
been an error in judgment." The morning after Columbia's Jan. 16 launch, members of the Intercenter
Photo Working Group -- engineers that analyze launch images -- were worried. Following an initial look at
video images, stunned film reviewers at Kennedy Space Center calculated a chunk of foam insulation had
hit Columbia’s left wing about 81 seconds after liftoff. Engineers estimated the piece to be about 20 inches
across at its broadest point. Other film-review teams at Johnson Space Center in Houston and Marshall
Space Flight Center in Huntsville, Ala., reached similar conclusions later that day. Some analysts labeled it
the worst foam impact ever seen in 113 shuttle launches. The debris appeared to come from a foam ramp
in the tank's so-called bipod area, where a pair of struts mate the orbiter to the tank. Engineers' thoughts
immediately shifted to shuttle Atlantis' liftoff three months earlier on Oct. 7. Then, a piece of foam from the
same spot had broken loose and hit one of the orbiter's solid rocket boosters. Film reviewers quickly
alerted shuttle managers about Columbia's foam hit. Further analysis of the images indicated the ship might
have been struck by up to four pieces. There were problems, however, with long-range tracking cameras
that had the best view of the impact. Only one of four high-speed 35-mm cameras in position to capture the
event produced clear images. One was out of focus. Two others had their view obscured by clouds or failed
to track the shuttle. Two video cameras had similar results. One got clear pictures while the other's were
fuzzy. Analyses to determine the debris' trajectory and possible tile damage began the same day. On
Monday, Jan. 20, a meeting was held to formally organize a damage assessment team. Assessment teams
routinely are formed when potential problems crop up during missions. This team included 37 engineers
and technical managers from NASA and contractors Boeing, United Space Alliance, Lockheed Martin and
Science Applications International Corp. Their job: Determine whether Columbia's protective heat armor
had been seriously hurt. The day after liftoff, members of the Intercenter Photo Working Group had made
the same request of Wayne Hale, a veteran flight director named the shuttle's launch integration manager at
KSC in December. He agreed it could be done after learning that tracking cameras had produced poor
images. Hale contacted the NASA support office at Cape Canaveral Air Force Station to get the photo
process rolling. The request was forwarded to the military's Cheyenne Mountain facility in Colorado, a
command center where collection of satellite data is coordinated. But the message hadn't gone through the
proper NASA channels. JSC engineer Lambert Austin called Hale on Jan. 21 to ask about the photos and
visited with an Air Force liaison to discuss the request. The next day, the issue reached the desk of Linda
Ham, JSC's shuttle program integration manager. Ham killed the photo request on Jan. 22. Exactly why
remains unclear. Hale and the damage assessment team found out about the decision later that day. With
delays in launch photo information and no prospect of pictures in orbit, the assessment team did the best it
could to pinpoint where the foam had hit Columbia's left wing. Meetings on Tuesday, Jan. 21, and
Wednesday, Jan. 22, yielded a preliminary analysis estimating the foam had struck somewhere in an area
stretching from just behind the left wing's leading edge to the rear of the door covering the left landing
gear's wheel well. The analysis by systems integration engineers said the "large uncertainty in trajectory
computation does not allow a good prediction of the impact area.” After the study predicting where the
foam might have hit, engineers used a computer program called Crater to assess possible damage to the
shuttle's heat tiles. More than 20,000 of the fragile tiles protect the orbiter from temperatures up to 2,300
degrees during re-entry. The Crater analysis found that the foam could have penetrated all the way through
the tiles to the wing's aluminum frame in one area. Nevertheless, engineers concluded that bottom layers of
the tiles would survive and that would be enough to protect Columbia during re-entry. The report never
considered what would happen if the debris damaged a tile or thermal seal next to the left wing's landing
gear door. The analysis also looked at possible damage to the tough reinforced carbon-carbon [RCC]
panels that line the leading edge of the wing and encounter temperatures of up to 3,000 degrees. Using data
from a 1982 lab test in which ice projectiles were fired at the panels, engineers concluded some of the outer
coating could be lost but the panels would remain intact. By Saturday, Jan. 25 -- one week before
Columbia's scheduled return -- the analysis of missing tiles on the landing gear door had been finished.
Like the other scenarios, it was considered no threat to mission safety. McCormack passed along the final
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results to the Mission Management Team on Monday, Jan. 27. His summary the following day in the Jan.
28 MER report concluded there was no safety of flight concern. The issue officially was considered closed.
Columbia's crew had been briefed about the foam strike by e-mail and voice communications while in
space and told the hit wasn't a safety issue. It appears the astronauts knew nothing, however, about the
flurry of satellite photography requests, damage assessments, ground simulations and urgent e-mails.

Many of the people who supported the mission on the ground dream of a second chance. Most expect --
and support -- changes to open up communications and improve crucial decision-making so the errors made
during Columbia's flight never will be repeated. [“NASA managers missed chances to take closer look for
tile damage,” Orlando Sentinel, March 23, 2003, p Al & A16-Al7.]

MARCH 24: Even as the fatal break-up of shuttle Columbia is being investigated, NASA said on Monday
it is exploring ways to keep the remaining three space shuttle flying until 2022. The space agency’s long-
term plans call for the shuttle fleet to be active at least until a “next-generation launch technology” — which
is in the earliest stages — makes its first flight some 12 years from now. In one scenario, shuttles would
continue to work to extend the life of the International Space Station until 2022 and beyond, said Michael
Kostelnik, who head the space station and shuttle programs at NASA. Depending on the findings of the
Gehman Board, which is probing the Columbia accident, Kostelnik said the shuttle fleet is likely to look
about the same as it does now when it resumes its flight schedule. Kostelnik is also heading NASA’s plans
to return the shuttles to flight, possibly as early as this fall. Web posted. (2003). [NASA Looks to Keep
Shuttles Flying Until 2022 [Online]. Available WWW: http://www.reuters.com/ [2003, March 24].]

@ The probe into the space shuttle Columbia disaster will continue in Cape Canaveral this week as
investigators focus on practices at Kennedy Space Center and efforts to recover and analyze wreckage from
the Feb. 1 accident. In public hearing Tuesday (March 25), the Columbia Accident Investigation Board
will hear a briefing on safety and mission assurance measures at the center where Columbia launched Jan.
16. The board wants basic information on how things work at KSC. The next day, investigators will hear
testimony on the recovery and analysis of more than 43,000 pounds of shuttle wreckage that has been
found in an area that stretches from south of Dallas to Louisiana. Independent aerospace experts will
describe methods that could be employed to analyze the debris as part of the larger effort to pinpoint the
cause of the accident. Board spokesman Air Force Lt. Col. Tyrone Woodyard said Tuesday’s hearing is
designed to educate the board on the role KSC plays in the shuttle program and the type of safety and
mission-assurance programs in place at the spaceport. Witnesses Tuesday will include KSC Director Roy
Bridges; Bill Higgins, chief of NASA’s shuttle processing safety and mission assurance division at KSC;
and retired Air Force Lt. Gen. Aloysius Casey, an independent consultant considered an expert on space
systems, launch vehicles and aircraft. Four witnesses will testify Wednesday, including Mike Rudolphi,
deputy director of NASA’s Stennis Space Center in Bay St. Louis, Miss., and Steve Altemus, a NASA
Shuttle Test Director at KSC. Web posted. (2003). [Columbia Board Moves Public Hearings to Florida
This Week [Online]. Available WWW: http://www.space.com/ [2003, March 24].]

MARCH 25: The space shuttle should fly again, but only on missions that can't be done any other way and
with as few astronauts on board as possible, an aerospace expert said Tuesday. Retired Air Force Lt. Gen.
Al Casey told the board investigating the Columbia disaster that NASA's shuttles are too complex to get
much safer than their current successful flight rate of 98 percent, with two fatalities in 113 missions.

That percentage "is pretty good, but in fact, I don't think it's good enough for optional human flight
operations,” Casey, a consultant who was commander of the space division of the Air Force Systems
Command, told the Columbia Accident Investigation Board. The board held its first scheduled hearing in
Florida near NASA's Kennedy Space Center, where shuttles are prepared for flight, launched and return to
Earth. At the same time Tuesday, the Aerospace Safety Advisory Panel presented its 2002 report to agency
chief Sean O'Keefe, saying the shuttle's age required closer inspection and "re-evaluation of certification
criteria” for its parts. The panel, chartered after the 1967 fatal Apollo 1 launch pad fire that killed three
astronauts, completed most of its report before the Columbia accident. But one of its recommendations --
that the National Aeronautics and Space Administration develop a better crew escape system for the shuttle
-- is even more crucial in the aftermath of Columbia and the death of its seven astronauts, panel member
Sidney Gutierrez said. He said the shuttle's safety rate is significantly less than originally envisioned, and
NASA should expect to lose another orbiter if it continues to fly the ships for another decade or more, as
the agency plans to do. "As we move forward, we need to do so with our eyes wide open,” said Gutierrez,

74



a former astronaut and Air Force pilot. But O'Keefe cautioned the panel that it might not be possible to
create an elaborate crew escape system -- and that some risk is inevitable. *“The safest option I have heard
is to stop flying,” O'Keefe said. “This is the end question that has dominated human history. We'd still be
living in caves if we said 'It's too risky to go out there; we don't want to do that.” In Florida, Casey told
investigators that NASA should not fly until the agency makes certain that shuttle systems are meeting
safety margins. For example, the orbiter's external tank never was meant to shed pieces of its insulating
foam during launch. Yet NASA accepted routine foam loss because it never proved dangerous. [“Safety
expert wants fewer flights,” Orlando Sentinel, March 26, 2003, p A12.]

€@  Most of the debris from shuttle Columbia is expected to be at Kennedy Space Center in four to six
weeks, reconstruction coordinator Mike Leinbach said, but there’s still a big job ahead. “Once it gets out on
the grid, then the detailed analysis of the debris kicks in, and we’re into that phase now,” Leinbach said
Wednesday at the hangar by the shuttle landing strip, where pieces important to the investigation are laid
out on the floor. Measured in weight, about a quarter of Columbia has been found. While more than
45,000 pieces are at KSC, reconstruction director Steve Altemus said only about 1,400 are on the grid.
Though they aren’t being assembled three-dimensionally, a virtual 3-D reconstruction is proving helpful,
Altemus told the Columbia Accident Investigation Board. The board held a second day of hearings at the
Radisson Resort in Cape Canaveral on Wednesday. Now, investigators are looking at pieces on a
microscopic leve, analyzing melted metals and chemical reactions to learn where heat entered the orbiter’s
left wing, leading to its destruction upon re-entry on Feb. 1. [“Investigators hone focus of analysis,”
Florida Today, March 27, 2003, p 6A.]

€ The House Science Committee unanimously approved legislation Wednesday calling for a memorial
to be built at Arlington National Cemetery in honor of the seven astronauts killed on board the shuttle
Columbia. The bill, sponsored by House Appropriations Committee Chairman C. W. “Bill” Young, R-
Indian Rocks Beach, would take $500,000 from the 2003 Pentagon budget to build a marker similar to the
one that memorializes the astronauts killed in the 1986 explosion of the Challenger. Commander Rick
Husband, pilot Willie McCool, payload commander Michael Anderson, payload specialist Ilan Ramon and
mission specialists Kalpana Chawla, Laurel Clark and David Brown died Feb. 1 when the Columbia broke
apart on re-entry over Texas. Anderson, Clark and Brown are buried at Arlington, near the Challenger
memorial. [“House bill would set aside $500,000 for Columbia memorial at Arlington, Orlando Sentinel,
March 27, 2003, p A23.]

MARCH 27: Accident investigators have zeroed in on the exact area where launch debris hit Columbia
and now will stage tests to see whether the strike could have led to the destruction of the ship. A new,
three-dimensional computer analysis of launch video and still photography, unveiled Wednesday, shows a
cluster of foam struck a two- to three-foot-diameter area on the leading edge of the shuttle's left wing.
Three of 22 reinforced carbon carbon panels -- composite parts crucial to protecting the wing from intense
re-entry heat -- were hit, as were two connecting carrier panels and adjacent underside tiles. The analysis
allowed investigators for the first time to precisely plot the course debris took from the moment it broke
free from Columbia's external tank about 81 seconds after the shuttle's Jan. 16 launch. It also sets the stage
for a series of tests that will begin next week at Southwest Research Institute in San Antonio, Texas. "This
information . . . leads us directly into testing whether or not this impact could have been the initiating event
of the tragedy that followed," said G. Scott Hubbard, a member of the Columbia Accident Investigation
Board. The same Texas institute carried out foam debris impact tests in 1999. NASA managers relied
heavily upon those tests during Columbia's flight, ultimately deciding launch debris that hit the shuttle
would not endanger its crew. The new round of tests, however, will use much larger foam debris samples,
more accurately mimicking the type of debris that struck Columbia. Foam insulation from the bipod area of
the tank will be employed, and a wider variety of shuttle parts will be used during the upcoming tests.
Starting around April 6, a nitrogen gas gun will be used to shoot chunks of external tank foam insulation at
reinforced carbon carbon panels from the prototype orbiter Enterprise and shuttle Discovery. The bipod
foam comes from the area where two metal struts connect the external tank to the shuttle orbiter. [“Board to
plot course of debris,” Florida Today, March 27, 2003, p 1A & 6A.]
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@ A preliminary review of magnetic tape from shuttle Columbia’s recovered flight recorder shows the
device still might have been taking data seconds before the ship disintegrated, investigators said Thursday.
The time-consuming job of extracting and processing actual sensor data from the recorder isn’t expected to
begin until the tape is delivered to NASA’s Johnson Space Center in Houston this weekend. Data review
will begin next week. Officials are hopeful sensor measurements from the recorder might help
investigators pinpoint the cause of the Feb. 1 accident, which killed seven astronauts. About the size of a
videocassette recorder, the so-called Orbiter Experiments Support System was found in a pine forest
outside Hemphill, Texas, on March 19. Investigators say the device was programmed to take 271 sensor
measurements from the shuttle’s wings, fuselage and vertical stabilizer, or tail. [“Columbia magnetic tape
may reveal final moments,” Florida Today, March 28, 2003, p 2A.]

€ Two Brevard County men and a South Dakota man were injured when a search helicopter went down
over a shuttle Columbia debris site in east Texas on Thursday afternoon. Two others were killed. United
Space Alliance employee Richard Lange and Kennedy Space Center employee Ronnie Dale were riding in
a Bell 407 helicopter, helping to search for shuttle wreckage. The helicopter’s pilot, J. “Buzz” Mier from
Arizona, and Texas Forest Service worker Charles Krenek of Lufkin, Texas were killed in the accident.
Matt Tscacher, a U.S. Forest Service worker from South Dakota, was also injured in the crash in the
Angelina National Forest near the small town of Broaddus, Texas. The three were treated at Memorial
Medical Center of East Texas in Lufkin. Dale and Langue were listed in fair condition and Tschacher was
stable, according to hospital personnel. Dale, a 12-year veteran of NASA, works on quality control for the
shuttle program. Lange works on shuttle pad 39A with the cold oxygen and hydrogen tanks that give the
shuttle electricity. [“Two KSC workers survive copter crash,” Florida Today, March 29, 2003, p 1A.]

MARCH 28: Military satellites will routinely take pictures of space shuttles on future flights, under a new
agreement between NASA and the National Imagery and Mapping Agency. NASA chief Sean O’Keefe
said Friday that the debate over whether agency officials should have pursued such photos of the doomed
shuttle Columbia persuaded him to make the change. “The fact is, we’ll never end up settling this debate
because we don’t have it [photos]. We’ve decided to remedy the ambiguity,” O’Keefe said. “this is a very
clear statement — whenever you have the opportunity, please take it.” Under the agreement, the satellites
will take pictures of the shuttle when the opportunity arises during a flight, O’Keefe said. If there is a
particular problem that NASA is worried about, he said, the agency will make a specific, more urgent
request. [“Satellites will snap shuttle pictures,” Orlando Sentinel, March 29, 2003, p Al & A25.]

€ NASA plans to release 500 pages of e-mails relating to Columbia’s final mission. The e-mails, most
of which were written by Johnson Space Center employees, capture a wide range of discussions about STS-
107, from requests for spy satellite imagery and concerns about tank debris, to other technical issues — such
as a humidity problem inside the shuttle’s research module — that are not implicated in the accident. The e-
mails will be released March 31 on the space agency’s website. NASA Administrator Sean O’Keefe said
there are no shocking new revelations in the e-mail traffic and many of the e-mails have already been
released to the media. Web posted. (2003). [NASA to Release 500 Columbia-Related E-Mails [Online].
Available WWW: http://www.space.com/ (2003, March 28].]

MARCH 29: The nation's top spaceflight official said lingering questions about the safety of Columbia
and its crew should have reached higher-level managers than they did. But he stressed that communication
and safety decisions at NASA are vastly different -- and better -- today than before the doomed 1986
Challenger launch. Bill Readdy, a former astronaut and NASA's associate administrator for spaceflight,
sees few if any unhealthy trends in the way engineers dealt with questions about damage to Columbia while
it orbited Earth. "We have pursued a safety culture that encourages people to speak up,” Readdy said.
Nevertheless, he will receive proposals Tuesday to improve the way engineers solve problems during
missions and possibly to expand the number of senior managers told about lingering safety questions.
During Columbia's mission, engineers had doubts about an official finding that the shuttle's damaged heat
shield posed no safety issue. "If there was a question about it, maybe that should have been bumped up a
level or two," Readdy said. He objected to the idea that engineers who concluded the shuttle was safe
despite damage to its wing had demonstrated a form of success-based optimism. NASA was criticized for
that in the past. "That's sharpshooting it too much," he said. "There was no group-think here.” He also
pointed out that between each of those past missions, NASA worked hard to fix and improve the shuttle.

76



Readdy acknowledged NASA culture demands numbers for decisions. He even referred to a sign that hangs
in the mission-evaluation room at Johnson Space Center: "In God we trust. All others bring data.” But he
said engineers with safety questions never have the burden to provide data and prove their safety concerns
are real. Meanwhile, the specially appointed Columbia Accident Investigation Board has interviewed 25 to
30 people in efforts to understand communication and decision making inside NASA. "It's very
subjective," said board member Maj. Gen. Kenneth W. Hess, commander of the U.S. Air Force Safety
Center. "The people at NASA are very confident in how they handle safety discussions.” [*’Culture
encourages people to speak up’,” Florida Today, March 30, 2003, p 11A.]

@  The type of "what-if" discussions that led engineers to uncanny predictions of the Columbia disaster
was unlikely to leave their inner circle, since they rarely question colleagues outside their area of expertise.
Flight controllers say they didn't question the Boeing analysis of foam debris that hit the shuttle during its
ascent. They accepted its conclusions that the ship would survive, even as they discussed the possibility of
heat damage or a fatal landing while the orbiter was in flight. "In one sense, people do need to stick to their
expertise,” said Bob Daugherty, the expert in landing dynamics at NASA Langley Research Center whose
dire scenarios while Columbia was in flight prompted so much discussion. "That's why I'm not out there
talking about tiles and thermal protection, because I just don't know it. We thought that the experts had
been engaged down at JSC and they were on top of it," said Mark Shuart, director of structures and
materials at Langley. Shuart said it's difficult to include people with broad knowledge of a number of
systems in technical discussions because their knowledge of each discipline isn't as deep. Discussions
among the mechanical systems engineers, for example, probably wouldn't include tile experts. "From an
engineering perspective, we try and balance that,” Shuart said. People are careful when they venture outside
their areas of focus. "I've had plenty of flight controllers come to me about concerns that were not in their
area of expertise and give me an earful," said Wayne Hale, launch integration manager at Kennedy Space
Center and a veteran flight controller. Still, he said, "I think there is certainly a knowledge that when you're
outside your area, you need to be circumspect in what you say." Shuttle program manager Ron Dittemore
told the Columbia Accident Investigation Board that NASA culture encourages anyone with a concern to
walk into his office and tell him so. However, the Columbia discussions appear to have taken place without
any sense of urgency. The flight controllers involved had a confidence in the work of their colleagues that
seemed to defy the deadly scenarios they were discussing. [“What-if scenarios part of NASA’s spaceflight
legacy,” Florida Today, March 30, 2003, p 11A.]

MARCH 31: The NAVSTAR Global Positioning System 2R-9 spacecraft rode a three-stage version of
Boeing’s Delta 2 rocket from launch pad 17A at Cape Canaveral Air Force Station. Liftoff occurred 15
minutes late due to Range Safety issues. Web posted. (2003). [Delta doesn’t disappoint in successful GPS
launch [Online]. Available WWW: http://www.spaceflightnow.com/ [2003, March 31].]

€ Ongoing analysis of a "treasure trove” of data from a recorder recovered in the wreckage of the shuttle
Columbia shows a deadly plume of super-heated air first began eating its way into the ship's left wing just
five minutes after the orbiter fell into the discernible atmosphere. The sudden temperature increase, in a
cavity behind the U-shaped panels making up the leading edge of the left wing, came a full three minutes
earlier than previous telemetry indicated the start of unusual heating. Entry interface occurred at 8:44:09
a.m. and a sensor mounted on a brace behind leading edge panel No. 9 began responding to a very sharp
temperature increase at 8:49:09 a.m., nearly two minutes before the shuttle entered the region of maximum
heating (this is earlier than officials reported Sunday evening based on quick-look data analysis of the OEX
data). In any case, exactly three minutes after that initial temperature rise, the sensor failed and dropped off
line after detecting a temperature of 450 degrees Fahrenheit. Eight seconds later, at 8:52:17 a.m., a sensor
mounted on a brake line in the left main landing gear wheel well recorded the start of an unusual
temperature rise. Harold Gehman, chairman of the Columbia Accident Investigation Board, said today the
timing of these events suggests Columbia began its re-entry with a fatal flaw that allowed hot gas to first
enter the cavity behind the leading edge panels and then to burn its way into the interior of the wing. The
hot gas presumably entered the wheel well through a vent on its forward face, triggering the brake line
temperature increase. A few seconds later, beginning at 8:52:49 a.m., a sensor mounted on the forward
interior edge of the wing, just behind the failed sensor in the leading edge cavity, began registering a rapid
increase as hot gas shot through the interior. Seven seconds after that, data from sensors mounted toward
the back of the wing began dropping off line as the plume burned its way through a wire bundle routed
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around the outside of the landing gear wheel well. "Now interestingly enough, the first temperature rise we
see inside the wheel well occurs at 52:17," Gehman said. "Just about the time the sensor outside the wing
spar fails, the temperature inside the wing spar starts to go up. So this is interesting to us.” The sensor
mounted on the inner surface of the wing spar roughly behind leading edge panel No. 9 "starts to rise 520
seconds after EI, which is something like eight minutes and 40 seconds, which would make it something
like 52:49," Gehman said. "The temperature sensor inside the wing starts to rise almost coincidentally with
the time the temperature sensor outside the spar goes off line, which leads you to believe there was a whole
lot of heat outside the spar which finally ate its way into the wing. "Remembering the melting temperature
of aluminum is something like 900 degrees, it got really hot outside the spar, ate its way through and the
temperature sensor outside the spar goes off line," he said. "It probably got destroyed." Enhanced video of
Columbia's launching shows a suitcase-size piece of foam debris from the shuttle's external fuel tank pulled
away and slammed into the left wing about 82 seconds after liftoff. The two-foot-wide impact footprint is
centered on reinforced carbon carbon - RCC - leading edge panel No. 6. The impact could have affected
two adjacent RCC panels as well as protective tiles atop so-called "carrier panels" marking the interface
between the lower edge of the RCC panels and permanent heat-shield tiles on the lower surface of the
wing. Gehman said the temperature data recovered from Columbia's orbiter payload experiments recorder,
or OEX recorder, does not rule out or confirm an initial breach at or near RCC panel 6. Web posted.
(2003). [Gehman calls recorder data a ‘treasure trove’[Online]. Available WWW:
http://www.spaceflightnow.com/ [2003, March 31].]

@ Inside the hangar where NASA has collected wreckage from shuttle Columbia, engineers and
scientists have strung up a banner signed by dozens of school kids, who wrote in large block letters, “We
honor the crew of the Columbia.” Behind that banner is a special room where NASA allows no visitors.
It’s where investigators keep the wreckage of the crew compartment and the astronauts’ personal items.
Positive identification of the remains for all seven astronauts was made at a military base in Dover, Del.
NASA is closely holding information about how the astronauts might have perished in the tragedy. “For
people at the Kennedy Space Center, we love the orbiters,” said Mike Leinbach, the engineer who is
running the reconstruction work on the orbiter three shifts a day, seven days a week. It becomes part of our
family that we have crawled though and sweated on. We feel we have lost a family member. It is hard to
describe.” Even harder to deal with are the pieces of wreckage that comprise the accident’s death scene.
Leinbach said he allows only investigators with a direct need to know in to the room and rejects any
discussion of what is inside, saying it would offend the astronauts’ families. [“NASA guards sensitive
wreckage,” Florida Today, March 31, 2003, p 9A.]

€  Flight controllers and the Columbia crew had options for changing their re-entry plans, if engineers
had obtained solid information about damage to the shuttle's wing and heat shield, records show. Spy-
satellite photos might have provided such information. And a leader of the team that assessed the damage
from a debris strike thought it was "bordering on irresponsible” that the shuttle program did not request
spy-camera photos of shuttle Columbia in orbit, e-mail records show. Rodney Rocha, chief structural
engineer at NASA's Johnson Space Center, described three options for a damaged shuttle. They included
constraining right- and left-hand turns during a phase of re-entry if the shuttle's protective carbon panels
were damaged enough they affected flight control. Engineers knew right away Columbia suffered damage
during launch Jan. 16 when a piece of foam insulation broke free from the huge fuel tank and smashed into
the left wing. But without photos of actual damage, engineers relied on computer models and data from
past shuttle flights. "Their answers may have a wide spread, ranging from acceptable, to not-acceptable to
horrible, and no way to reduce uncertainty," Rocha wrote in a Jan. 21 request to NASA managers for spy-
agency photos. "Can we petition (beg) for outside agency assistance?" Senior mission and shuttle program
managers declined to request the photos, records show, waiting instead for a briefing and a Jan. 26 team
analysis — authored by Rocha — that found the shuttle faced no danger. The photos never came. NASA
on Monday released more than 1,000 pages of e-mail messages requested under the Freedom of
Information Act. [“Data would have given astronauts re-entry options,” Florida Today, April 1, 2003, p
1A & 2A]
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The overview of the tloor of the RLV Hangar at KSC shows a small portion of the debris collected and
shipped to KSC to date. The major Columbia recovery efforts in East Texas have produced more than
70,000 pieces, about 40 percent of the Space Shuttle by weight.
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April 1: As the search of more than 500,000 acres of primary recovery area for Space Shuttle Columbia
material reached its halfway mark, NASA Administrator Sean O'Keefe visited key sites in east Texas to
thank recovery crews for their diligence and hard work. Approximately 4,500 ground searchers have
covered approximately 56 percent of the planned 555,000-acre search area. The air search has covered
approximately 74 percent of 604 four-square-nautical-mile grids; and, on water, searchers have scanned
about 81 percent of a planned 14.7-square-nautical-mile area. The search should be completed within four
to six weeks, weather permitting. Searches farther west, along Columbia's ground track, likely will take
additional time, because of the great area involved. About 28 percent of the Shuttle Columbia, by weight,
has been delivered to the RLV Hangar. [“Primary Search For Columbia Material Passes Halfway Mark,”
KSC Countdown, April 1, 2003.]

@  Paint primer from shuttle launch towers may have splashed with rain onto Columbia and formed
pinholes in the leading edge of the left wing that contributed to the disaster, the investigation board says.
Such corrosion over the years could have weakened the carbon panels along the edge enough to break when
struck by a chunk of foam during liftoff, the accident investigators said Tuesday. “We’re studying the
effects of aging,” said the board’s chairman, Harold Gehman Jr. Air Force Maj. Gen. John Barry said
pinholes in the quarter-inch-thick protective carbon lining the edge may have allowed air pockets to form.
The air could have gnawed away at the carbon, a process called oxidation. The pinholes have appeared on
all four space shuttles. NASA patched the larger holes, but did not check thoroughly for underlying air
pockets, investigators said. The accident investigation board is trying to determine what caused
Columbia’s destruction over Texas two months ago Tuesday. Barry and other members have focused from
the start on the left wing, which was hit by debris barely a minute after liftoff. Web posted. (2003).
[Shuttle investigation turns to role of paint primer [Online]. Available WWW: http://www.cnn.com/
[2003, April 2].]

€ An object that detached from the space shuttle Columbia on its second day in orbit resembled a carrier
panel from near the leading edge of a wing, investigators said yesterday. The evidence from Air Force radar
analysis fits with a growing body of data indicating that the orbiter's left wing was damaged before it began
its Feb. 1 reentry into the atmosphere. Investigators believe the damage created an opening in the orbiter's
heat shield that allowed superheated air to burn its way into the structure, with disastrous results. The
carrier panels serve as a bridge between the ceramic tiles that cover the orbiter's underbody and the larger
carbon fiber panels -- shaped something like horseshoes -- that are bolted to the wings' leading edge to
protect against the hotter temperatures that build up there. Following extensive analysis of 29 shuttle
materials, "we've concluded that, right now, only the carrier panel remains a viable candidate for the Day
Two object,” said Maj. Gen. John L. Barry, a member of the Columbia Accident Investigation Board, at a
Houston briefing yesterday. However, the picture shifted again soon after the briefing ended, when
engineers analyzing shuttle wreckage delivered to Kennedy Space Center identified a carrier panel from the
bull's-eye area of the wing where investigators believe the initial breach may have occurred. It was carrier
panel number 6 and appeared to be in good shape, a member of the board said later. "That means that not a
whole lot burned around it,” he said. "It probably means the carrier panels on either side didn't burn." The
development cast fresh doubt on the radar object's identity, he said, and indicated that "this is a detective
story. Now we have one more part of the puzzle. It's a long, long process.” The team previously identified
10 other carrier panels and is still looking for panels number 5, 8,9 and 12. The mystery object that drifted
away from the shuttle in space was detected in extensive post-accident studies of about 3,100 radar images
that Defense Department trackers took of orbiting objects during the mission, prompting fleeting
speculation that a piece of space junk or a micrometeoroid had struck Columbia. To identify the object, the
investigating board sent samples of 29 shuttle materials to Wright-Patterson Air Force Base in Ohio, where
analysts have been studying the "signatures” of their radar reflections to try to match one with the object
seen in orbit. Web posted. (2003). [Columbia Investigation Zeroes In on Carrier Panel [Online]. Available
WWW: http://www.washingtonpost.comy/ [2003, April 2].]
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& A veteran shuttle commander will head a NASA team preparing to get the grounded orbiters flying
again. Jim Halsell, Jr., who has logged more than 1,250 hours in space on five shuttle missions, was named
Tuesday to lead the space agency’s “Return to Flight Team.” Halsell, 46, was most recently the manager of
shuttle launch integration at Kennedy Space Center. He is on the manifest to fly STS-188, a shuttle
mission to the International Space Station scheduled for later this year. Halsell’s appointment coincided
with an April 1 deadline set by William Readdy, NASA associate administrator for space flight. Three
weeks ago, Readdy sent a memo to senior managers and space flight center directors, requesting they
formulate a plan of action to implement recommendations likely to come from the Columbia Accident
Investigation Board. Readdy instructed the Return to Flight Team to prepare for a launch opportunity as
early as fall 2003, but that date is seen as highly unlikely. Many expect it could be summer of 2004 or later
before the shuttles fly again. [“NASA names shuttle leader,” Florida Today, April 2, 2003, p 3A.]

April 2: Over 50 members of the Kennedy Space Center workforce have been called to active duty to
protect America overseas. The servicemen and women represent many different divisions and employers at
KSC, including NASA, United Space Alliance, Boeing, Space Gateway Support, as well as other NASA
contractors. Thirty-one KSC employees have been called to active duty in the Air Force, while 11 are
currently serving in the US Army. The Coast Guard and Navy have both called 3 members of KSC’s
workforce into service. [“Members of KSC Workforce Defend Country Abroad,” KSC News Release
#26-03, April 2,2003.]

April 3: Workers at the Kennedy Space Center Visitor Complex were preparing for a possible strike after
rejecting the latest contract offer by Delaware North Parks Services of Spaceport, the company that runs the
park for NASA. However, the union representing many of the workers at the Visitor Complex is waiting
for another offer from the company before calling a strike. “We turned down the proposal, and they (in
management) have an opportunity to fix it,” Jeff Rainey, business representative for the International
Association of Machinists and Aerospace Workers District 166/Local 773, said Thursday. Dan LeBlanc,
the chief operations officer for Delaware North at the Visitor Complex, said he expects representatives for
the company and the workers to meet soon, perhaps early next week, to work out an agreement and avoid a
strike. About 300 of the 650 to 700 workers at the Visitor Complex are represented by Local 773, while
others are members of other unions or are independent. [“Visitor Complex workers may strike,” Florida
Today, Aprii 4, 2003, p 1C.]

€ Russia pledged extra money Thursday for building the only spacecraft to service the International
Space Station after U.S. shuttle flights were grounded following the Columbia disaster. Russia previously
said it could not fund such construction on its own. The Cabinet’s decision to release $38 million ahead of
schedule appeared to reflect growing doubts that the United States will provide extra assistance. [“Russia
boosts funding for space station flights,” Florida Today, April 4, 2003, p 9A.]

April 4: Retired NASA/Kennedy Space Center engineer and inventor Adam Kissiah will be officially
inducted to the Space Foundation’s Space Technology Hall of Fame next week for helping thousands of
individuals to hear, some for the very first time. Kissiah developed the cochlear implant concept more than
25 years ago while working at Kennedy Space Center utilizing knowledge he acquired working with the
Space Shuttle program, particularly electronic sensing systems, telemetry, and sounds and vibrations
sensors. The Cochlear Implant Association estimates over 66,000 patients have received an implant in this
$1.65 billion industry. [“NASA Engineer Kissiah Inducted To Space Technology Hall of Fame,” KSC
News Release #27-03, April 4, 2003.]

€ Providing premier base support services to the Cape Canaveral Spaceport is Susan Kroskey’s main
objective in her new role as executive director of the Cape Canaveral Spaceport Management Office
(CCSMO). Effective April 6, 2003, Kroskey will assume this Senior Executive Service (SES) position,
managing the Joint Base Operations and Support Contract (J-BOSC) for KSC and the 45th Space Wing
(CCAFS and PAFB). She will report to Kennedy Space Center Director Roy Bridges and to the 45th Space
Wing Commander Brig. Gen. J. Gregory Pavlovich. [“Kroskey Named Executive Director, Cape Canaveral
Spaceport Management Office,” KSC News Release #28-03, April 4, 2003.]
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€ NASA is studying three options for a major redesign of an area on the space shuttle's external fuel
tank where debris broke loose and struck Columbia during launch. March 26 briefing documents from the
National Aeronautics and Space Administration detail proposed changes to a pair of foam insulation ramps
near the tank's midsection. The suitcase-sized ramps cover metal fittings in the so-called bipod area, where
a pair of struts mate the orbiter to the 15-story tank. Two of the options would shrink the foam ramps and
eliminate some related hardware. Another would replace the ramp entirely with a metal housing. The goal
is to make sure large pieces of debris don't fall from the area and hit the shuttle again. A chunk of foam
estimated to weigh more than 2 pounds broke free from the same spot 82 seconds after Columbia’s Jan. 16
launch and struck near the leading edge of the orbiter’s left wing. Investigators probing Columbia's Feb. 1
breakup over central Texas suspect the debris impact -- considered the largest ever -- caused damage that
led to a fatal breach in the ship's protective heat armor during re-entry. Before Columbia's launch, tank
engineers already were working on a modest redesign of the ramps, after foam came loose from the same
spot during Atlantis' liftoff in October. At least three earlier shuttle flights, the most recent in 1992, also
had lost large pieces of foam from the bipod area. Two changes were under way. One was removal of a
silicon-based insulating material called an ablator that was applied to the tank before foam was sprayed on
to form the ramps. Air pockets occasionally formed between the foam and ablator, making it easier for the
foam to come loose. The other change would have given workers more time to spray on the foam and build
up the ramps to ensure a more consistent manufacturing process. After the accident, a Feb. 27 letter from
shuttle-program manager Ron Dittemore directed the tank project at Marshall Space Flight Center in
Huntsville, Ala., to "review the ET [external tank] bipod area and recommend changes to the ET insulation
design and implementation to preclude any loss of insulation.” That review has yielded more ambitious
ideas for a ramp redesign. Dittemore's directive was aimed at returning the shuttle to flight as early as
possible. To make that happen, tank engineers plan to be poised to move ahead with more extensive
changes as soon as the Columbia Accident Investigation Board issues its recommendations, which are
expected sometime in June. Web posted. (2003). [NASA studies 3 ways to improve fuel tanks [Online].
Available WWW: http://www.orlandosentinel.com/ [2003, April 5].]

@ Researchers shot a chunk of real shuttle foam insulation at an aluminum sheet Friday to prepare for
tests later this month requested by the Columbia accident investigators. The investigation board wants to
measure the amount of damage caused by insulating foam striking actual shuttle wing parts at nearly 500
mph. These test-firings at Southwest Research Institute should help determine whether the blow to
Columbia’s left wing by a 2-pound piece of foam during liftoff was enough to lead to the ship’s destruction
two weeks later. NASA called the institute for help in setting up the tests two days after the shuttle
disintegrated over Texas during re-entry. For the month long series of tests scheduled to begin in mid-
April, NASA will shoot foam at wing panels from the shuttle Discovery and the Enterprise, a prototype that
never flew and is now housed at the Smithsonian Institution. [“Investigators prepare for shuttle testing,”
Florida Today, April 5, 2003, p 2A.]

April 6: NASA engineers have worried about space shuttle damage from launch debris "since day one"
but acknowledged Monday that 22 years of incremental fixes have done little to lessen the extent of the
problem. Testifying before the Columbia Accident Investigation Board, two engineers detailed a long
history of debris breaking free from shuttle external fuel tanks resulting in damage and efforts to resolve the
problem. Their charts showed shuttles have regularly returned to Earth with dozens, and sometimes
hundreds, of damaged spots on fragile heat shielding that protects the ships and their crews from deadly
heat during atmospheric re-entry. The chairman of the investigation board was quick to note the number of
debris strikes greater than 1-inch -- an arbitrary size used by NASA to track damage -- largely has remained
between 16 and 20 over the course of the shuttle program. "The point is that the trend is not going down,
not by any order of magnitude,” said retired Navy Adm. Harold W. Gehman Jr. "Correct," replied J. Scott
Sparks, a lead engineer in the External Tank Project Office at NASA's Marshall Space Flight Center in
Huntsville, Ala. The exchange took place during the latest in a series of public hearings in the investigation
into the Feb. 1 loss of Columbia and its seven astronauts. Another hearing is scheduled today. Damage
from launch debris, particularly foam insulation falling off shuttle external tanks, has been a key focus of
the board. A suitcase-sized cluster of foam broke off Columbia's external tank 81 seconds after its Jan. 16
launch. It struck the shuttle's left wing near the spot where investigators believe hot gases penetrated the
ship during re-entry, triggering its destruction. Lee D. Foster, an engineer with the Vehicle and Systems
Development Department at Marshall, said the debris problem has been a concern since a pockmarked
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Columbia returned to Earth at the end of NASA's first shuttle mission in 1981. Web posted. (2003).
[Engineers: Launch debris troublesome since start [Online]. Available WWW:
http://www.floridatoday.com/ [2003, April 7].]

April 7: The reel-to-reel tape recorder is approaching 35 years old. It dates from an era of eight-track car
stereos; it's less advanced technologically than the videocassette recorder that sits in your living room; and
it was abandoned long ago by the scientists who ordered it installed as original equipment on shuttle
Columbia. But today, this low-tech relic, with its 9,200 feet of magnetic recording tape, is providing NASA
and the board investigating the Columbia disaster with a detailed look at what happened aboard the shuttle
in the minutes before it broke apart over Texas on Feb. 1. "I was really surprised to hear this thing -- one of
my pets -- was flown and then found," said retired National Aeronautics and Space Administration engineer
Robert L. Giesecke, who wrote specifications for the recorder in the late 1970s and assumed it had been
replaced after he left the agency in 1995. "By the 1990s, it was obsolete.” Found resting on a bed of leaves
on a Texas hillside, the recorder -- which was turned on as Columbia began its re-entry of Earth's
atmosphere -- is gradually offering up a detailed picture of how superhot gases penetrated and ultimately
melted the orbiter's left wing. Data from some of the roughly 670 still-functioning sensors show heat began
building up in the wing just 80 seconds after Columbia began its re-entry. That's more than three minutes
before the orbiter's space-to-ground telemetry registered a temperature increase, board member Roger
Tetrault said. Board Chairman Harold W. Gehman Jr. has called the recorder readings a "treasure-trove."
[“Key clue may be on ‘70s recorder,” Qrlando Sentinel, April 7,2003, p Al & A7.]

€ Two months after the shuttle Columbia shattered in the skies over Texas, accident investigators have
considered every possible theory, no matter how wild — a killer micrometeorite, some sort of high-altitude
electrical zap and even the scientific experiments on board. Yet the strongest theory still seems to be the
one that emerged the first day — the theory that foam insulation ripped off the fuel tank just after liftoff and
smashed somewhere on the shuttle’s left wing, causing enough damage to lead to disaster. “This is the
leading contender, but we don’t have the final proof,” said Scott Hubbard, a member of the Columbia
Accident Investigation Board and a high-ranking NASA official. Two weeks of investigation since the
February 1 accident that killed seven astronauts have mostly uncovered more evidence backing that
original theory. NASA knew early in Columbia’s 16-day mission that foam debris had broken off the fuel
tank and hit the left wing. But mission officials had concluded it did not pose a danger. A tape from an
old-fashioned reel-to-reel data recorder that was pulled from the Texas mud revealed that heating problems
that developed during Columbia’s return to Earth began much earlier than thought. The recorder detected
an unusual warming trend in the left wing barely a minute after the shuttle first hit Earth’s atmosphere over
the Pacific. To investigators, that is evidence that Columbia was mortally wounded and that plumes of
scorching air had entered a pre-existing gash in the left wing which started burning through. The have been
unable to come up with a plausible theory that the gash in the wing came from space junk or something else
in orbit, leaving the foam strike as the most likely culprit. Web posted. (2003). [Shuttle investigators
ponder theories [Online], Available WWW: http://www.cnn.com/ [2003, April 7].]

€ NASA managers Monday defended how the agency dealt with foam coming loose from shuttle
external tanks during launches and hitting the orbiters, saying the problem was studied intensely and that
changes were made when possible. Foam debris caused an average of 13 to 25 1-inch dings in the shuttle’s
thermal-protection tiles on every flight — and occasionally many more, experts said at a public hearing
convened by the Columbia Accident Investigation Board. But the damage never was serious enough to be
considered a risk to crew safety, said Lee D. Foster, and external-tank expert with the agency’s Marshall
Space Flight Center in Alabama. “Again, everything was judged as a maintenance item and not as a safety-
of-flight item,” Foster said. “I’m not going to say whether that was right or wrong in the past, but that’s the
way it happened.” Shuttle Columbia suffered a blow to its left wing shortly after its Jan. 16 launch from
Kennedy Space Center after a large piece of foam came loose trom the bipod region of the tank — an
attachment point between the orbiter and the tank. Investigators think the incident may have caused
damage that allowed hot gases to seep inside Columbia’s left wing during its re-entry to the atmosphere,
eventually causing the ship’s destruction. The sprayed-on foam ranges from just an inch in thickness to a
foot in one area called the bipod ramp. It insulates the 15-story fuel tank, which is full of supercold liquid
propellant. E